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Abstract  
Spatial Ecology of the Timber Rattlesnake (Crotalus horridus) and Northern Pine Snake 
(Pituophis melanoleucus) in the Pine Barrens of New Jersey 
Ronald M. Smith 
Walter F. Bien, Ph.D., supervisor 
 
In New Jersey, Crotalus horridus, a state-endangered species, and Pituophis 
melanoleucus, a state-threatened species, are vulnerable to extirpation due to habitat loss 
and direct human impacts.  I used radio-telemetry to determine the spatial ecology of 
these two species at the Warren Grove Range (WGR).  Crotalus horridus had no 
significant differences in home range size, seasonal activity, core activity area, range 
length, distance traveled per day, or seasonal differences in distance traveled per day 
between male and female snakes.  They utilized hardwood swamp habitat the greatest 
proportion of use as compared to the six other habitat types identified at WGR.  Pituophis 
melanoleucus had no significant differences in home range size, core activity area, range 
length, or distance traveled per day, between sexes or between locations in or outside of 
the target zone.  Pituophis melanoleucus tracked in 2005 and 2006 traveled larger total 
distance, larger distance per day, and had larger home range compared to snakes in 2003 
and 2004.  There were no significant differences in maximum distance dispersed or 
location of hibernacula within home range by year or sex for P. melanoleucus, which 
moved in all potential directions away from their hibernaculum, up to 2764.1 m away.  A 
circular buffer around a hibernation site, based on dispersal distances, encompasses 2388 
ha of land need to protect habitat and resources for the subpopulations of each 
hibernaculum.  A minimum of 2388 ha, should be protected around hibernacula to 
support the current population of P. melanoleucus.  The WGR is an important location 
for snakes because the landscape is protected, relatively inaccessible, and free of negative 
xii 
impacts associated with urban development, agriculture, and high-use paved roadways.   
These data on the spatial ecology of these two snakes are important as baselines for 
evaluating threats to these snakes and can aid in developing mitigation and conservation 
strategies in light of the continued development in the Pine Barrens.   
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CHAPTER 1: Introduction  
Snake movements vary with climatic conditions (Gauthreaux, 1980) and season 
depending on hibernation needs (Aleksiuk, 1976; Brown and Parker, 1976; Laidig and 
Golden, 2004; Reinert and Zappalorti, 1988a; 1988b), food resources (Brown, et al., 
1982; Reinert, 1993; Shine and Lambeck, 1985), and mating (Reinert, 1993; Reinert and 
Zappalorti, 1988a).  Movements occur when different resources are required during 
different periods, causing the snakes to disperse between them (Gregory et al., 1987).  
Because movements are influenced by physiological and environmental factors (i.e. 
reproductive activities, body size, food availability, ecdysis, temperature), the movement 
patterns will change between seasons, between years, and throughout a snake’s life. 
Home range was first described as the area transversed by an individual during its 
normal activities of food gathering, mating, and caring for young (Burt, 1943).  Since 
then, the definition of home range has been redefined and clarified by a number of 
authors (Gregory et al., 1987; Millspaugh and Marzluff, 2001).  Currently, the concept 
has been generalized to include an animal’s location and movements within any defined, 
biologically relevant time period (Gregory et al., 1987; Millspaugh and Marzluff, 2001).       
The most common method for estimating home range size in snakes has been the 
convex polygon method (Jennrich and Turner, 1969; Reinert, 1992).  However, this 
method does not detail the actual use of space (Waser and Wiley, 1979) and can include 
areas never used by the animal (Fitch and Shirer, 1971).  Another technique used to 
describe home range size is the kernel density estimate.  The use of kernel density 
estimation allows calculation of home range based on utilization distribution, which 
describes the frequency of locations over a specified time period (Millspaugh and 
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Marzluff, 2001).  This minimizes the space in the home range that was never used by an 
animal and helps to describe core areas of activity (Waser and Wiley, 1979). 
Maps showing utilization distribution can be used to understand seasonal patterns 
of habitat use (Reinert and Kodrich, 1982; Shine and Lambeck, 1985).  Similar to 
movements, a snake’s habitat use will depend on environmental and physiological 
factors.  Reinert (1993) described the major factors influencing habitat use as sex and 
reproductive condition (male vs. females vs. gravid females), foraging and digestive 
state, ecdysis, disease and injury, social relationships, and learning.  All of these factors 
affecting habitat preference may change seasonally (Reinert, 1993).  Male and non-gravid 
female Crotalus horridus have similar habitat preference (e.g. habitats with a closed 
canopy), whereas gravid females tend to utilize open habitats, which may be warmer and 
facilitate embryonic development (Keenlyne, 1972; Reinert, 1984b; 1993; Reinert and 
Zappalorti, 1988a).  Prey availability and physiological condition after feeding affect 
habitat use in snake species (Beaupre, 2008; Peterson et al., 1993; Reinert et al., 1984).  
A preference for habitats with higher temperatures occurs in several snake species during 
ecdysis (Peterson et al., 1993; Reinert, 1993).  Social interaction also influences habitat 
choice (Brown and Parker, 1976; Gregory et al., 1987; Rubio, 1998).   
Inter- and intraspecific comparisons of snake species can be made when studies 
have similar objectives.  Measurements of home range, including total size and core areas 
of activity, movements within a home range based on time sequence and seasonal 
variation, and habitat selection including structural habitat features, are key variables to 
identify.  Measurements of structural aspects of habitats may allow for comparison 
between populations in different geographic areas.  Even though overall habitat type may 
be different between the areas, structural features may be similar (see Reinert, 1993).     
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 Radio-telemetry is a valuable tool for analysis of habitat use and spatial patterns 
in snakes (Reinert, 1992; 1993).  Before radio-telemetry experiments, habitat use and 
home range was estimated based on incidental observation of snakes and mark-and-
recapture studies (Gregory et al., 1987; Macartney et al., 1988; Reinert 1992; 1993).  
Radio-telemetry allows for observation without bias based on ease of observation or 
seasonal variation in locations (Reinert, 1992; 1993).  Observational bias may arise when 
observing cryptic species, fossorial species, or species that congregate.  Cryptic species, 
such as C. horridus, may be more easily identified at locations where there is contrast 
between their coloration and habitat structure (e.g. rocky open sites; Reinert, 1992).  
Fossorial species, such as Pituophis melanoleucus, may be more readily observed when 
transversing open habitat with little to no leaf litter (Burger and Zappalorti, 1989).  
Larger densities of snakes at congregation sites, such as hibernacula, may bias habitat 
preference without knowing the extent of habitat use throughout a complete active period 
(Reinert, 1984a; 1992).  Radio-telemetry allows for reduction of observational bias as 
well as repeated measures of a specimen for long periods of time, which has greatly 
increased our understanding of snake ecology (Reinert, 1992).   
A number of studies on habitat use (Burger and Zappalorti, 1986; 1988; 1989; 
1991; Reinert and Zappalorti, 1988a; Zappalorti and Burger, 1985; Zappalorti et al., 
1983) and a limited number on spatial ecology (Reinert and Zappalorti, 1988a; Laidig 
and Golden, 2004) have been conducted on the Pine Barren populations of C. horridus 
and P. melanoleucus.  Laidig and Golden (2004) and Reinert and Zappalorti (1988a) 
described occurrence of C. horridus in areas with small wetlands and nearby arborescent 
stands of pines and oaks.  Reinert and Zappalorti (1988a) reported a mean home range of 
58.9 ha in a relatively undisturbed area (mean data for male and female snakes, excluding 
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gravid females). Laidig and Golden (2004) found the mean home range of eight C. 
horridus tracked in the Pine Barrens to be 266.7 ha.  The larger home range of those 
snakes was probably due to the greater amount of fragmented landscape and development 
occurring at their study site.  These snakes may travel greater distances to find available 
food sources, basking areas, and receptive females.  Populations of C. horridus and P. 
melanoleucus (as well as many other species) are particularly vulnerable to habitat 
fragmentation and human encroachment that is occurring in the Pine Barrens and 
throughout the snake’s distribution (Freda, 1977; Odum, 1979; Reinert and Zappalorti, 
1988a; Martin, 1992; Brown et al., 1994). 
 
Biology of Crotalus horridus 
Crotalus horridus is a member of the subfamily Crotalinae of the family 
Viperidae.  The subfamily Crotalinae only occurs in the Americas and is characterized as 
pitvipers (Ernst and Ernst, 2003).  Pitvipers have a cavity located between the eye and 
nostril that is covered by a membrane, which is sensitive to temperature changes (Bullock 
and Fox, 1957).  Crotalus is characterized by a rattle and small scales on top of its head 
(Gloyd, 1940; Klauber, 1997).  The rattle is a series of loose interlocking segments that 
are made from hollow scales at the tail as the snake sheds (Klauber, 1997; Martin, 1988).  
Crotalus horridus has two main color phases, a yellow and dark phase.  Ground color 
ranges from yellowish brown to black (Beans and Niles, 2003; Brown, 1993).  Dark 
colored dorsal bands that are v-shaped transverse the back of the snake (Brown, 1993).  
Scales are heavily keeled and occur in 21 – 26 rows at mid-body (Klauber, 1997).  The 
anal plate is undivided with one row of subcaudal scales (Klauber, 1997).  Total length of 
adult C. horridus ranges from 89 – 189 cm (Brown, 1993; 2008; Martin, 1988; Martin et 
5 
 
al., 2008).  Total length of neonates ranges from 19.5 – 38.3 cm (Brown, 1993; 2008; 
Martin, 1988; Martin et al., 2008).       
Historically C. horridus ranged from Maine south to Georgia and had a western 
range from Wisconsin to Texas (Klauber, 1997; Martin et al., 2008).  Its range is greatly 
reduced due to human predation and habitat loss.  Rattlesnakes once occurred throughout 
New Jersey but are now found as two separate populations.  A northern population that is 
potentially contiguous with the broader distribution occurs along the Kittatinny and 
Highland Ridges (Beans and Niles, 2003; Martin et al., 2008).  A disjunct southern New 
Jersey population is restricted to the Pine Barrens, primarily in Ocean and Burlington 
Counties (Beans and Niles, 2003). 
Habitat types of northern and southern New Jersey populations of C. horridus 
vary, however, key structural features (i.e. canopy cover) are similar between the 
different habitats (Reinert, 1993).  In the north, habitat use is primarily associated with 
upland deciduous forests (Reinert, 1984b), and rattlesnakes frequent rocky outcroppings, 
open fields, and hemlock and hardwood forests (Beans and Niles, 2003; Martin, 1992).  
In the Pine Barrens, male and nongravid female snakes are typically found in forested 
upland and forested wetland habitats (Reinert and Zappalorti, 1988a; Laidig and Golden, 
2004). 
Crotalus horridus is active from late March through early November (Brown, 
1993; 2008; Martin, 1988; 1992; Martin et al., 2008).  In the spring and fall this snake 
typically exhibits diurnal behavior, shifting to nocturnal activity during the warmer mid-
summer days (Ernst, 1992).  This snake is a sit and wait ambush predator that typically 
uses a log-oriented or a non-log-oriented foraging position for hunting depending on 
region (Reinert et al., 1984; Reinert et al., 2011).   Prey is injected with hemotoxic venom 
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that begins breaking down blood and tissue (Beans and Niles, 2003; Ernst and Ernst, 
2003).  Prey items are typically warm-blooded mammals but may also include birds, bird 
eggs, reptiles, and amphibians (Clark, 2002; 2004; 2006; Reinert et al., 1984; 2011).  
Crotalus horridus is a secretive snake often relying on its camouflage to avoid predators, 
when confronted, if given the chance; the snake will retreat (Ernst, 1992).  If provoked 
the snake will begin to rattle and loosely coil with is head raised in a strike position 
(Ernst, 1992). 
Throughout most of its northern range, C. horridus hibernates in communal 
groups at dens located in rocky ledges or rocky slopes with a southern sun exposure 
(Brown, 1992; 1993; 2008; Martin, 1988; 1992; Martin et al., 2008).  However, 
hibernacula for the Pine Barren populations of C. horridus are located in cedar swamps at 
the base of Atlantic white cedars (Chamaecyparis thyoides), where flowing water keeps 
the snakes from freezing (Reinert and Zappalorti, 1988a).  In late spring, after emerging 
from their hibernacula, snakes migrate to foraging areas (Reinert and Zappalorti, 1988a). 
Crotalus horridus breeds mid-July through September (Aldridge and Brown, 
1995; Brown, 1995; Martin 1988; Martin et al., 2008).  Female snakes typically breed on 
a triennial cycle (Fitch, 1985; Martin, 1988).  Once breeding occurs in late summer to 
fall, a female stores sperm until the following spring (Martin, 1988).  Rattlesnakes are 
viviparous, giving birth to live young between mid-August and mid-October (Klauber, 
1997).  Litters can have 1 – 20 young, but are typically in numbers of 6 – 10 individuals 
(Brown, 1993; 2008; Martin, 1988; Martin et al., 2008).  Neonates may then trail adults 
later in the fall back to their winter hibernacula (Reinert and Zappalorti, 1988b).  
Crotalus horridus is an endangered species in New Jersey and its continued 
survival is tenuous due to habitat loss and poaching (New Jersey Fish and Wildlife 
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Association, 2005).  Natural predators include owls, hawks, coyotes, fox, bobcats, 
kingsnakes, and racers (Ernst, 1992).  The greatest threat to survival is the rapid loss of 
habitat and persecution by humans because of fear.  The use of open areas such as edges 
of roadways for thermoregulation and brooding young may contribute to the decline of 
the population, because snakes are exposed to collectors and motor vehicles (Reinert and 
Zappalorti, 1988a).  Crotalus horridus is particularly vulnerable to the negative effects of 
habitat fragmentation that currently threatens much of the wildlife in many areas of the 
Pine Barrens.  Development and other human activities can increase mortality rates of C. 
horridus.  This snake is highly susceptible to mortality from crossing heavily used roads 
and other impacts associated with human development and encroachment (Clark et al., 
2010; Laidig and Golden, 2004; Rudolph et al., 1998). 
 
Biology of Pituophis melanoleucus 
Pituophis melanoleucus melanoleucus is a member of the subfamily Colubrinae 
of the family Colubridae.  It is one of three subspecies of Pituophis melanoleucus found 
in North America (Reichling, 1995; Rodríguez-Robles and De Jesús-Escobar, 2000).  
Pituophis m. melanoleucus has a white or off-white ground color with black to brown 
dorsal bands (Zappalorti et al., 1983).  The scales are keeled and occur in rows of 27 – 37 
at mid-body (Hulse et al., 2001).  The anal plate is undivided and the subcaudal scales 
occur in two rows (Hulse et al., 2001).  Total length of adults typically ranges in size 
from 122 – 172 cm (Beans and Niles, 2003) with the largest individuals being over 215 
cm (Tennant, 2003).  Neonate total length ranges from 40 – 47 cm (Zappalorti et al., 
1983).   
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 Pituophis m. melanoleucus is found in southern New Jersey, North Carolina and 
South Carolina coastal plains, southern Kentucky, Tennessee, Alabama, and Georgia 
(Zappalorti et al., 1983).  The population in southern New Jersey is disjunct from the rest 
of the species (Zappalorti et al., 1983).  New Jersey populations are restricted to the pine 
barrens of the southern portion of the state, located in mixed pine-oak habitat types found 
in Ocean, Burlington, Atlantic, Camden, Cumberland, Gloucester, and Cape May 
counties (New Jersey Pinelands Commission, 1980; Schwartz and Golden, 2002).    
The restricted range of P. m. melanoleucus is a result of the specific habitat 
requirements of the snake.  Habitat usually consists of loose, well-drained sandy soil 
(Zappalorti et al., 1983).  Loose sandy soil allows this fossorial species to burrow for 
nesting, hibernation, sheltering, and finding prey.  Habitat types for this species are 
typically pine or pine-oak forests (Burger and Zappalorti, 1988; 1989; Zappalorti et al., 
1983), but can include wetlands such as pitch pine lowlands, cedar swamps, and 
hardwood swamps (New Jersey Pinelands Commission, 1980).  Open disturbed sites are 
an important habitat type for this species for nesting and basking (Burger and Zappalorti, 
1986; 1988; 1989; Zappalorti and Burger, 1985)    
 When threatened, P. m. melanoleucus will pull into an “S” strike and hiss loudly 
by exhaling air from its lungs over a cartilaginous flap on its glottis (Martin and Huey, 
1971; Young et al., 1995).  Even though it is considered a secretive, fossorial species, it 
may be found actively foraging throughout the pine forest and open areas (Burger and 
Zappalorti, 1988; 1989).  This snake can also be found climbing trees in search of birds 
and bird eggs (Beans and Niles, 2003).  Pituophis m. melanoleucus will actively search 
for mammals in underground burrows (Ernst and Ernst, 2003).  Prey items typically 
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consist of small mammals (i.e. moles, rabbits, voles, and mice), birds, and bird eggs 
(Ernst and Ernst, 2003).     
Pituophis m. melanoleucus hibernates during the winter months throughout its 
range.  In southern New Jersey, ingress begins in late October with egress occurring in 
April (Zappalorti et al., 1983).  Hibernacula entrances are often found near fallen trees 
and follow the path of rotted tree roots (Burger et al., 1992; Zappalorti et al., 1983).  
Hibernacula may have several chambers with snakes often denning communally (Burger 
et al., 1992).  Hibernacula may be dug out by snakes, instead of using natural cavities or 
mammal burrows.  Pituophis m. melanoleucus are the only group of snakes known to dig 
their own hibernacula and nests (Burger et al., 1992; Zappalorti et al., 1983).  The snakes 
dig by pushing their head into soil, curving the neck back, and retracting their body 
dragging the soil out of the tunnel (Burger and Zappalorti, 1991).   
Female P. m. melanoleucus appear to have an annual breeding cycle (Zappalorti 
et al., 1983).  In New Jersey, mating occurs throughout May (Zappalorti et al., 1983).  
Male courtship involves the male snake rubbing the female with its chin as it crawls over 
her, then grabbing her neck in his mouth as he positions next to her, finding her cloacal 
vent before inserting one hemipenis (Hammock, 1984).  Females lay eggs between mid-
June and mid-July with clutch sizes ranging from 4 to 16 eggs (Burger and Zappalorti, 
1991; Zappalorti et al., 1983).  Nesting sites are located in open sunny areas that provide 
maximum sun exposure that facilitates proper embryonic development (Burger and 
Zappalorti, 1991).  Young hatch August through October (Zappalorti et al., 1983) and 
stay close to the nesting site until they shed (Zappalorti et al., 1983). 
This snake is a state-threatened species in New Jersey and is vulnerable to 
extirpation if habitat conditions continue to deteriorate (New Jersey Division of Fish and 
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Wildlife, 2005).  Natural predators of P. m. melanoleucus include fox, skunk, and shrews 
specifically on neonate snakes (Burger et al., 1992).  Other major threats to populations 
of this species include vehicular traffic, human poaching on snakes and eggs, and habitat 
destruction. 
 
Objectives 
The Sikes Act of 1960 requires that all military installations provide for the 
conservation of natural resources including fish and wildlife management, land 
management, fish and wildlife enhancement, and wetland protection while maintaining 
no net loss of the capability of the military installation lands to support the military 
mission (National Military Fish and Wildlife Association, 2004).  Each military 
installation is required to comply with objectives directed by the integrated natural 
resource management plan (INRMP) for each installation.  Goals of the Warren Grove 
Range (WGR) INRMP are to maintain support of military missions of the installation 
while minimizing habitat fragmentation, protecting native, rare, and ecologically 
important species, and monitoring biodiversity impacts (New Jersey Air National Guard, 
2001).   
I used radio-telemetry to monitor the habitat use and movements of C. horridus 
and P. melanoleucus at WGR in relation to military activities.  Examining movements 
and distribution in relation to military land may be important for evaluating current 
threats to these two snake species and for establishing mitigation and conservation 
strategies at WGR.  This information establishes baseline data, which is essential for 
creating a long-term monitoring program for evaluating changes in use of habitat or the 
areas occupied by these snakes over time.  This information will assist natural resource 
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managers in making decisions regarding the conservation of habitat and herpetofaunal 
species while maintaining military readiness.  Long-term monitoring of these species 
would be of great value to determine future impacts if there is a change from the current 
scope of military activity. 
The objectives in studying C. horridus were to: 1) delineate areas occupied by this 
species and to determine if snakes occurred in areas used for military operations, 2) 
determine home ranges, 3) determine areas of high use (activity areas), 4) monitor 
movements, 5) determine habitat use, 6) record locations of hibernacula, and 7) document 
instances of reproduction.   
The objectives in studying P. melanoleucus were to: 1) delineate areas occupied, 
2) determine home ranges, 3) determine areas of high use (activity areas), 4) monitor 
movements, 5) determine differences between home ranges, activity areas, and 
movement patterns between sexes, 6) determine differences between home ranges, 
activity areas, and movement patterns between snakes located within and outside areas of 
highest military disturbance, 7) record locations of hibernacula and characterize the 
habitat of hibernacula locations, 8) record nesting locations and characterize nesting 
habitats, and 9) document instances of reproduction.   
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CHAPTER 2: Coexistence of rattlesnakes and military operations: occurrence and 
spatial ecology of the timber rattlesnake (Crotalus horridus) on the Warren Grove 
Gunnery Range in the Pinelands of New Jersey 
 
(As published in: Pp. 317-326 in W. K. Hayes, K.R. Beaman, M.D. Cardwell, and S.P. 
Bush (Eds.), The Biology of Rattlesnakes. Loma Linda University Press, USA.) 
 
The timber rattlesnake (Crotalus horridus) historically occupied most of the 
eastern United States, but its current distribution is severely reduced and fragmented 
(Martin, 1992a).  Crotalus horridus is state-endangered in New Jersey and occurs as two 
populations.  In northern New Jersey a mountain population is contiguous with the range 
of C. horridus in the eastern U.S. and in southern New Jersey a Pinelands (coastal plain) 
population is isolated from the mountain population in the north.  A limited number of 
studies on habitat use (Reinert and Zappalorti, 1988a; Zappalorti, unpubl. data) and 
spatial ecology (Reinert and Zappalorti, 1988a; Laidig and Golden, 2004) have been 
conducted on the Pinelands population.  Crotalus horridus found in the Pinelands utilize 
different habitats than rattlesnake populations found in other parts of their range.   The 
Pinelands population utilizes upland and lowland habitats for foraging, basking, breeding, 
denning, brooding, and birthing (Reinert and Zappalorti, 1988a; Laidig and Golden, 
2004; Zappalorti, unpubl. data), whereas mountain populations primarily utilize upland 
habitats.  Although habitat use between the mountain and coastal plain populations differ, 
key structural features (i.e. canopy cover) remain similar between the different habitats 
(Reinert, 1993).  Hibernacula for the Pinelands population of C. horridus are located in 
cedar swamp at the base of Atlantic white cedar (Chamaecyparis thyoides), where 
flowing water keeps the snakes from freezing (Reinert and Zappalorti, 1988a; Zappalorti, 
unpubl. data).  In late spring, after emerging from their hibernacula, snakes migrate to 
foraging areas (Zappalorti, unpubl. data).   Throughout the summer, habitat use depends 
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on thermoregulation and behavioral needs of the snakes (Reinert and Zappalorti, 1988a).  
Gravid females are typically found in open areas, such as fields and edges of roads within 
the Pinelands.  These locations provide sunny areas suitable for basking and brooding 
young.  The use of these open areas may contribute to the decline of the population, 
because snakes are exposed to collectors and motor vehicles (Reinert and Zappalorti, 
1988a).  Crotalus horridus is particularly vulnerable to the negative effects of habitat 
fragmentation that currently threatens much of the wildlife in many areas of the 
Pinelands.  Development and other human activities can increase mortality rates of C. 
horridus.  Laidig and Golden (2004) report that C. horridus is highly susceptible to 
mortality from crossing heavily used roads and other impacts associated with human 
development and encroachment.   
  The Warren Grove Range (WGR) is owned by the U.S. Department of Defense 
and operated by the New Jersey Air National Guard’s 177th Fighter Wing.  The military 
mission is to maintain target facilities and score pilots training in air to ground gunnery 
and bombing from military aircraft. A population of C. horridus is known to occur on 
WGR from anecdotal observations of military personnel. Under the provisions of the 
Endangered Species Act and Sikes Act, the Air National Guard is authorized to protect 
endangered species and natural ecosystems.  This research was part of a comprehensive 
study to determine whether two New Jersey state-listed species, C. horridus and northern 
pine snake (Pituophis melanoleucus) are being impacted by military operations.  The 
objectives were to 1) delineate areas occupied by C. horridus and to determine if snakes 
occurred in areas used for military operations, 2) determine home ranges of rattlesnakes, 
3) determine areas of high use by rattlesnakes (activity areas), 4) monitor rattlesnake 
movements, 5) determine habitat use of rattlesnakes, 6) record locations of rattlesnake 
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hibernacula, and 7) document instance of reproduction.  Understanding the ecology of 
these snakes will enable natural resource managers at WGR to conserve this species and 
its habitat.  
 
Methods 
Study Area 
Warren Grove Range is located in Burlington County, New Jersey (39°41’ N, 
74°23’ W) and occupies 3,810 ha within the Pinelands National Reserve (450,000 ha).  
The landscape at WGR is a mosaic of upland habitats (87.8%) consisting of dwarf pine 
plains and pitch pine scrub-oak barrens and lowland habitats (12.2%) consisting of 
herbaceous savannas, Atlantic white cedar swamps, pitch pine lowlands, hardwood 
swamps, and shrub thickets.  A 223 hectare section of upland habitat is used as a target 
zone which is an open disturbed area primarily devoid of trees.  Disturbance is further 
caused by maintenance activities (i.e. mowing, road construction, target renovation), 
mission operations (i.e. strafing, bombing) and prescribed burning.  Except for areas that 
are prescribed burned near the target zone, the remaining 3,587 ha remain less disturbed 
(mainly forested) and serve as a buffer zone around the target area.  Prescribed burns and 
other disturbance within and near the target zone create open areas suitable for basking 
and nesting for several snake species.   
 
Field Methods 
We surveyed WGR using drift fences (Gibbons and Semlitsch, 1981), snake 
corrals (Zappalorti, unpubl. data), coverboards (Grant et al., 1992), and random meander 
searches to capture snakes.  We determined sex, measured snout-vent length (SVL) (tape 
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measure ± 0.2 cm), total length, and mass (Pesola scale: adults ± 1.5 g and neonates ± 0.3 
g), and counted the number of rattle segments for 20 adult rattlesnakes and 16 neonates at 
initial capture.  To identify snakes we injected each with a passive integrated transponder 
(PIT tags; AVID Identification Systems, Inc.).  After processing, all snakes were released 
at the point of capture.  We recorded locations of snakes using a geographical positioning 
system (GPS) unit (Garmin e-Trex, <15 meters RMS, 95% typical) and plotted snake 
locations using ArcView GIS Version 3.2a (ESRI, Inc.) on a map that delineated high use 
areas for military operations.   
We radio-tracked nine adult C. horridus (n=3 females, n=6 males) from July 2002 
to August 2004.  Following the methods of Reinert and Cundall (1982) and Reinert 
(1992) we surgically implanted a radio transmitter (ATS Inc. Model No. R1530) into 
each snake.  After recovery from surgery (1-2 days), we released snakes at the point of 
initial capture.  We relocated snakes approximately once per week using a Telonics TR2 
(Telonics, Mesa, Arizona) or ICOM IC-R10 (Icom American Inc.) receiver and handheld 
H-type antenna (Advanced Telemetry Systems, Inc.).  We tracked snakes throughout the 
activity season (April – October) or until we permanently lost the transmitter signal.  For 
subsequent relocations, we used a GPS unit to record Universal Transverse Mercator 
(UTM) coordinates. At each snake’s relocation we determined whether the animal was 
above or below ground, and if above ground, noted its behavior.  We also recorded 
environmental variables including habitat type (defined by McCormick, 1979), air 
temperature (± 1 oC) and relative humidity (± 3% from 5% to 95%) using a weather meter 
(Kestrel 3000), presence/absence of anthropogenic disturbance, and distance to nearest 
road (m).  Snakes were not handled during relocations in order not to change their normal 
behavior.  
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Data Analysis 
We used the 100% Minimum Convex Polygon method (MCP) to calculate snake 
home range size (White and Garrott, 1990; Kernohan et al., 2001).  We used the kernel 
density (KD) method to estimate seasonal range (95% probability isopleths) and core 
activity areas (50%  probability isopleths) (Worton, 1989; Secor, 1994; Kingsbury et al., 
unpubl. data).  Calculations were made using ArcView and Spatial Analyst with the 
Animal Movement Extension (Hooge and Eichenlaub, 1997).  Distances traveled per day 
were calculated for each snake by measuring the distance that each snake traveled 
between relocations, standardizing for the number of days between relocations, and 
calculating mean values.  We measured the linear distance between the most distant 
relocations within the activity range to calculate activity range length (Reinert and 
Zappalorti, 1988a).  We report data as mean ± 1 standard error (SE).  
We did more detailed analysis of movements of snakes that we tracked for at least 
100 days. We used analysis of variance (ANOVA) to test the hypotheses that there are no 
differences in home ranges (MCP and 95% probability isopleth), core activity areas (50% 
probability isopleth), activity range lengths, distances traveled per day, or seasonal 
differences in distances traveled per day between male and female snakes. Season was 
divided into spring (April, May, June), summer (July and August) and fall (September 
and October). We tested data for normality and homogeneity of variance.  We accepted 
statistical differences at P < 0.05.   
We identified seven habitat types at WGR.  They included five wetland habitat 
types (herbaceous savanna, shrub thicket, Atlantic white cedar forest, hardwood swamp 
forest, pitch pine lowland forest) and two upland habitat types (pitch pine scrub-oak 
forest, dwarf pine plains forest).  We used ArcView to calculate the area (ha) of each 
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habitat type within the pooled home ranges of the radio-tracked snakes on WGR.  We 
calculated percent habitat use for each snake by the number of relocations in each 
available habitat divided by the total number of relocations.  We also determined whether 
or not relocations were near (i.e., ≤ 15 m) disturbed areas (e.g., open mowed fields, trash 
piles, cranberry bogs, roads, targets, etc.).  
We used compositional analysis to determine whether snakes were utilizing habitat 
non-randomly within their home range.  In compositional analysis the individual animal 
is used as the experimental unit to define resource use instead of using relocations for 
each animal (Aebischer et al., 1993).  We calculated proportional use of each habitat and 
proportional availability of each habit within the pooled home ranges for snakes tracked a 
full season on WGR.  We used the Resource Selection program (Leban, 1999) to 
determine habitat selection.  We used multivariate analysis of variance (MANOVA) to 
test overall selection.  Habitat use was ranked in the order of preference.  We used 
ANOVA to test the hypothesis that there is no difference in habitat use between sexes 
(SPSS statistical software; version 12.0). 
 
Results 
Crotalus horridus and military operations utilized different areas of WGR (Figure 
2.1).  Rattlesnakes did not occur in the target zone.  Radio tracked snakes did not enter 
the immediate vicinity of the target zone, however, two males did travel into upland areas 
near the target zone in late July and remained in the area for approximately three weeks.  
Both snakes were relocated within 100 m of a wetland drainage.     
Incidentally captured and radio tracked snakes demonstrated an affinity for 
wetland habitats (66%) as compared to upland habitats (34%).  Twenty five percent of 
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incidental captures and radio-tracked snake relocations occurred in disturbed habitats (i.e. 
trash piles) including locations within 15 meters of sandy roadways.  One snake was 
relocated on several occasions adjacent to WGR property in an abandoned cranberry bog 
(2% of relocations) and other snakes also spent time in such habitats after crossing 
streams along the border of WGR.  Female radio tracked snakes utilized a greater 
percentage (30%) of disturbed habitat than males (17%). 
We surgically implanted radio transmitters in nine snakes.  We had limited data 
on five snakes and complete or nearly complete active season data for four snakes (2 
female and 2 male) (Table 2.1).  Rattlesnakes moved from 15 to 118 meters per day 
(mean = 44.2 ± 9.8 m) and their MCPs ranged from 1 to 480 ha (mean = 64.8 ± 36.0 ha).  
The range length varied from 316 to 5156 m (mean = 1630.9 ± 419.6 m).  We tracked 
snakes once or twice a week because military operations often limited our access to the 
study area.  We lost signals from several snakes.  Loss of transmitter signals may have 
been due to transmitter malfunction, snake movement out of signal range, human 
poaching, or predation on the implanted snake.  Several transmitters removed at the end 
of the study had broken antenna, which resulted in a reduction of signal range.  Thus 
transmitter malfunction may have been a primary cause of loss of signal.     
Two of the four snakes (1 male and 1 female) for which we had complete active 
seasons were monitored over two seasons and treated as independent samples which 
resulted in a total of six active season data sets (Table 2.2).  Following procedures used in 
other studies (Reinert and Zappalorti, 1988a; Kingsbury et al., unpubl. data), we 
considered snakes tracked in different years as independent replicates for our analysis of 
movement data and habitat use.  Because year was not a significant factor in snake home 
range or habitat use this assumption was reasonable.  There were no significant 
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differences in home range size (F = 0.62, P > 0.05), seasonal activity (F = 0.63, P > 0.05), 
core activity area (F = 0.54, P > 0.05), range length (F = 0.82, P > 0.05), distance traveled 
per day (F = 1.42, P > 0.05), or seasonal differences in distance traveled per day (F = 
0.72, P > 0.05) between male and female snakes.  Male snakes tracked in this study had a 
larger mean SVL and body mass compared to females.  Male SVL ranged from 101.6 to 
122.0 cm (mean = 111.7 ± 7.4 cm) and body mass ranged from 98.0 to 1775.0 g (mean = 
1026.0 ± 564.5 g).  Female SVL ranged from 91.5 to 103.0 cm (mean = 96.2 ± 6.0 cm) 
and body mass ranged from 530.0 to 604.5 (mean = 560.2 ± 39.2 g). 
Core areas for a female (WGT1) and male (WGT4) rattlesnake tracked for 
multiple seasons overlapped between the activity seasons (Figure 2.2).  However, shifts 
in home range locations occurred between years.  Although snakes were active from 
April until October, males moved the greatest distance in July and females moved the 
greatest distance in September (Figure 2.3).   
Pitch pine lowland was the most available (%) of the seven habitats within the 
pooled home ranges of snakes tracked for a complete season (Table 2.3).  Resource 
selection was non-random (λ = 0.07, df = 5, χ2 = 15.57, P < 0.05).  Hardwood swamp 
habitat had the greatest proportion of use compared to, in descending order of use, the 
pitch pine scrub-oak barrens, shrub thicket, herbaceous savanna, Atlantic white cedar 
swamp, and pitch pine lowland forest.  The dwarf pine plains forest habitat was excluded 
from this analysis because it only represented one data point for an individual snake in 
this habitat type.  This habitat was the least used for the percent of available habitat 
(Table 2.3).  There was no significant difference between habitat use and sex of the snake 
(F = 0.19, P > 0.05) or habitat use between years (F = 0.76, P > 0.05). There was 
significant difference between individual snakes and habitat use (F = 2.95; P = 0.03).  
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Tukey Kramer post hoc test revealed that snake WGT1 (Figure 2.2A) utilized a different 
proportion of habitats between years.  It used lowland habitats with thick canopy cover 
during the 2002 and 2003 season, and during the 2004 season moved 750 meters outside 
its previously used home range to an open, abandoned cranberry bog off site (Figure 
2.2A).  In contrast, there was no difference in habitat use by the other snakes in the study.   
 Over 2 seasons (2002 and 2003) we located 12 over-wintering hibernacula.  All 
hibernacula were in a wetland habitat.  Eleven hibernacula were in hardwood swamps 
and one was in pitch pine lowland habitat.  Four snakes monitored for two hibernating 
seasons showed poor hibernacula fidelity and switched to a new denning site the 
following season.  These four snakes moved a mean distance of 313.6 ± 397.2 m from 
their previous hibernacula to their new hibernacula.  Three snakes denned communally 
during the 2003 season.   
 In August of 2002, we found two gravid female rattlesnakes in a disturbed site 
near an open mowed field.  These two females gave birth to 16 neonates in captivity.  We 
released the adults and neonates at the point of capture.  On July 29, 2004 we observed 
two adult male rattlesnakes in combat behavior along a sand road at a disturbed area.  
There was a shedding female 5 meters away from the 2 males in a pile of tree slash.  We 
also found a male and pre-shed female together in an area of disturbed habitat (i.e. metal 
sheets, discarded tires, etc) in late July.     
 
Discussion 
Coexistence of military operations and C. horridus was a result of the snakes and 
military utilizing different areas of WGR (Figure 2.1).  The military operations were 
conducted in uplands while C. horridus primarily used wetlands.  No snakes entered the 
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target zone, but two males did travel extensively away from the normal center of activity 
into upland habitat close to the target zone.  However, these snakes were within 100 m of 
a wetland so their excursions were within the normal movement patterns for C. horridus 
on WGR.  Radio tracking these snakes allowed us to observe areas used which were not 
found by incidental encounters alone (Reinert et al., 1984) and highlighted the separate 
habitat use by snakes and military operations.  Crotalus horridus at WGR were in 
wetland habitats in 66% of relocations and upland habitats adjacent to wetlands in 34% of 
relocations.  Upland habitats used by C. horridus were typically small ridges of pitch pine 
scrub-oak barrens running between two wetlands.   
It was not clear if C. horridus avoided the target zone because of military 
operations or habitat type.  In previous studies of C. horridus in the Pinelands, the snakes 
occurred in areas with small wetlands and nearby arborescent stands of pines and oaks 
(Reinert, 1988a, Laidig and Golden, 2004).  On WGR C. horridus occupy extensive 
wetlands that are surrounded by the dwarf pine plains forest.  This habitat type is 
characterized by trees that are short in stature (< 3 m), which have a sparse canopy cover.  
As a result, daily ground surface temperatures can undergo extreme variations (> 
35oC/day) through a 24 hr period (Havens, 1979; Smith et al., unpubl. data).  The 
difference in temperature between upland and lowland habitats (or microhabitats) allows 
snakes to select appropriate conditions to control body temperature (Peterson et al. 1993).  
Snakes at WGR may be avoiding the dwarf pine plains forest for thermoregulatory 
requirements.  Small mammal populations in this habitat were limited in abundance and 
diversity as compared to wetlands on WGR (unpubl. data).  Thus, the lack of C. horridus 
within the highly disturbed areas of the target zone was probably a result of structural 
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features of the habitat or prey availability and not due to the military operations in these 
areas.   
Crotalus horridus on WGR have similar home ranges to those in relatively 
undisturbed habitats in the Pinelands (Reinert and Zappalorti, 1988a) and Piedmont in 
North Carolina (Sealy, 2002).  The mean size of C. horridus home ranges in our study 
was 64.8 ha (for all snakes tracked).  Reinert and Zappalorti (1988a) reported a mean 
home range of 58.9 ha in a relatively undisturbed area (mean data for male and female 
snakes, excluding gravid females).  Sealy, 2002, found a home range size of 40.2 ha for 
males and 14.1 ha for females in a state park within the Piedmont region of North 
Carolina.  Crotalus horridus found in disturbed areas within the Pinelands have larger 
home ranges.  Laidig and Golden (2004) found the mean home range of 8 C. horridus 
tracked in the Pinelands to be 266.7 ha.  The larger home ranges of those snakes were 
probably due to the greater amount of fragmented landscape and development occurring 
at their study site.  These snakes may travel greater distances to find available food 
sources, basking areas, and receptive females.  Populations of C. horridus (as well as 
many other species) are particularly vulnerable to habitat fragmentation and human 
encroachment that is occurring in the Pinelands and throughout the snake’s distribution 
(Freda, 1977; Odum, 1979; Reinert and Zappalorti, 1988a; Martin, 1992b; Brown et al., 
1994; Sealy, 2002; Stechert, unpubl. data; Zappalorti and Reinert, unpubl. data).  Thus, 
because of the large areas of suitable habitat protected on WGR this site appears to 
provide an important refuge for C. horridus. 
The location of snake home range varied from season to season; however, the 
core use area was similar from season to season (Figure 2.2).  Yearly differences in home 
range may be a result of seasonal differences in prey abundance or climate conditions 
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(wet versus dry years).  This yearly shift of home range locations shows the importance 
of long term monitoring studies for development of conservation strategies.  One or two 
seasons of data are insufficient to give a complete understanding of the snake’s spatial 
requirements.  In addition, conservation and management plans need to take into 
consideration a snake’s ability to cross property boundaries.      
Hardwood swamp habitat had the greatest proportion of use compared to the other 
available habitat types for C. horridus tracked for a full season (Table 2.3).  Pitch pine 
lowland habitat had the greatest proportion of availability to snakes, but was one of the 
least used compared with that availability.  Snakes had a high proportion of use in pitch 
pine scrub-oak barrens found adjacent to the lowland habitats.  Surrounding upland areas 
are important for snakes as foraging, cover, and nesting areas (Semlitsch and Bodie, 
2003).  Although snakes preferentially used wetland habitats for much of the season, they 
also utilized upland habitats intermittently throughout the active season.  However, there 
was no preference for upland habitats during one part of the season versus another.   
We did not see any sex difference in habitat use by radio-telemetered snakes; 
however, we did not track any gravid females.  We incidentally found two gravid females 
at our study site using upland habitat adjacent to a sandy roadway on the edge of an open 
mowed field maintained by the military.  Habitat use is correlated to the reproductive 
status of female C. horridus (Keenlyne, 1972; Reinert, 1984; Reinert and Zappalorti, 
1988a; Kingsbury et al., unpubl. data). Gravid females tend to travel less distance from 
their hibernacula and occupy areas with less dense canopy (Reinert and Zappalorti, 
1988a; Laidig and Golden, 2004).  Gravid C. horridus may leave wetland habitats with 
their cool, thick canopy and move to upland habitats where warmer conditions allow 
them to raise their body temperature while brooding their offspring.    
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June, July, August, and September were the highest months of activity for C. 
horridus with July being the highest for two telemetered males (Figure 2.3). This has 
important implications for conservation strategies on WGR.  The increased activity of 
males during July is associated with the beginning of breeding season.  Crotalus horridus 
breed during mid- to late summer (Martin, 1988; Brown, 1991; Martin, 1992a; Martin, 
1993; Brown, 1995; Hulse et al., 2001; Zappalorti, unpubl. data).  During the breeding 
season, male snakes can travel long distances to encounter receptive females (Reinert and 
Zappalorti, 1988a).  Because snakes are known to use roadways and artificial debris sites 
at WGR, road maintenance and construction activities (i.e. mowing, gravel extraction, 
road maintenance, and removal of artificial shelter) should be conducted when snake 
activity is lowest to reduce direct impact on the snakes.  Visual inspection surveys should 
be conducted by physically walking through known areas of snake activity before 
maintenance activities are conducted. 
Disturbed sites outside of the target zone are important in reproduction for C. 
horridus.  Gravid female snakes used disturbed sites on WGR for brooding.  Shedding 
snakes also used open disturbed sites where there are higher temperatures.  Higher 
temperatures are important for the physiological processes associated with ecdysis 
(Gibson et al., 1989).  Shedding female snakes attract males for courtship (Mason, 1992; 
Weldon et al., 1992; Brown, 1995) and pre-shed females occurred at disturbed sites in the 
vicinity of males.  Male-male combat is important for female choice mating systems and 
has been described for several species of pitvipers, vipers, and other groups of snakes 
(Gillingham, 1987; Duvall et al., 1992; Coupe, 2002; Ettling and Marfisi, 2002).  We also 
observed male-male combat at one of these sites.  Thus, disturbed sites are an important 
resource for rattlesnakes on WGR.         
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Artificial shelter provides cover for snakes and prey species.  Its removal should 
be minimal and conducted during winter, early spring, or late fall when C. horridus are 
hibernating.  It is unclear what effect removal of debris at known sites used for ecdysis, 
brooding, or hibernating will have on snakes that have used these sites for many years.  
Crotalus horridus (neonates and adults) may utilize scent trails back to birthing sites, 
over wintering hibernacula, or sites used for other physiological process (Brown and 
MacLean, 1983; Reinert and Zappalorti, 1988a; Reinert and Zappalorti, 1988b).  
Removal of existing cover may leave these snakes vulnerable because disturbed sites are 
a limited resource outside the target zone on WGR.          
All C. horridus hibernacula in this study were found in wetland habitats.  Eleven 
hibernacula were located in hardwood swamps and one hibernacula was located in a pitch 
pine lowland habitat.  These findings are consistent with data reported for other studies in 
the Pinelands (Reinert and Zappalorti, 1988a, Laidig and Golden, 2004).  Both communal 
(n=3) and solitary denning occurred on WGR.  In North Carolina, Sealy (2002) found a 
maximum of 3 rattlesnakes per den while others have reported either individuals or small 
groups denning together in coastal plains populations (Savitzky and Savitzky, unpubl. 
data; Settle and Greene, unpubl. data).  The patterns of wetland drainages are vital to the 
C. horridus populations at WGR.  Maintaining the current hydrology and connectivity 
between wetlands and uplands will ensure that important habitat required for foraging 
and hibernating will be preserved. 
Little is known about the effects of hibernacula alteration on a snakes behavior or 
survivorship.  Further research on WGR should be conducted on structural features or 
microhabitat conditions within the home range of C. horridus.  Measuring use of 
structural features within habitats utilized by this population would allow direct 
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comparison of habitats between other populations in the Pinelands and with other areas of 
the snake’s geographical range (Reinert, 1993).            
It is clear that C. horridus and military operations use different habitats on WGR.  
It appears that military operations are not significantly impacting this snake population.  
These snakes have similar home ranges to those in relatively undisturbed sites in the 
Pinelands and coastal plain regions.  Crotalus horridus are mating and reproducing on 
WGR.  They have abundant hibernacula in undisturbed areas of the property.  These 
results support the conclusion that WGR is an important refuge for C. horridus in the 
Pinelands where habitat is becoming increasingly fragmented by development.  However, 
to fully understand the effect of military operations on the snakes, it will be necessary to 
investigate and assess population dynamics and mortality factors for the C. horridus 
population.     
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Table 2.1 — Crotalus horridus activity parameters at WGR from 2002 – 2004. (M = 
male, F = female). 
 
 
 
Snake 
ID 
Sex Year 
Days 
tracked 
Total dist. 
traveled 
(m) 
Dist. / 
day (m) 
Range 
length 
(m) 
Convex 
polygon 
area (ha) 
95% 
isopleth 
area (ha) 
50% 
isopleth 
area (ha) 
WGT1 F 2002 37 4266.6 115.3 1720.0 36.7 116.9 36.7 
WGT1 F 2003 165 3172.3 19.2 1435.0 37.2 54.8 9.9 
WGT1 F 2004 111 3621.3 32.6 1387.0 63.9 176.3 59.7 
WGT4 M 2003 153 10432.2 68.2 4398.0 127.9 214.7 57.4 
WGT4 M 2004 113 3669.4 32.5 515.0 11.3 22.4 3.2 
WGT6 M 2003 82 1358.0 16.6 811.0 7.6 47.5 7.1 
WGT8 M 2003 50 1015.2 20.3 912.0 6.1 80.6 28.9 
WGT9 M 2003 35 537.6 15.4 316.0 2.5 26.7 13.0 
WGT10 F 2003 16 629.2 39.3 615.0 1.0 75.9 15.8 
WGT11 M 2003 151 4588.0 30.4 2260.0 45.2 210.9 41.7 
WGT15 F 2002 30 1424.0 47.5 378.0 2.9 8.5 2.6 
WGT15 F 2003 146 2797.4 19.2 1299.0 19.2 83.7 12.5 
WGT17 M 2003 69 8171.8 118.4 5156.0 480.4 1887.0 333.6 
Mean   89.1 3514.1 44.2 1630.9 64.8 231.2 47.9 
SE   14.9 818.0 9.8 419.6 36.0 139.3 24.4 
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Table 2.2 — Means and standard errors (in parenthesis) of activity parameters for male 
and female Crotalus horridus tracked at WGR for a complete active season. 
 
 
 
Class 
Total dist. 
traveled 
(m) 
Dist. / day 
(m) 
Range 
length (m) 
Convex 
polygon 
area (ha) 
95% isopleth 
area (ha) 
50% isopleth 
area (ha) 
       
Male 
(n = 3) 
6229.8 
   (2117.9) 
43.7 
    (12.3) 
2391.0 
    (1122.8) 
61.5 
    (34.6) 
149.3 
    (63.5) 
34.1 
    (16.1) 
       
Female 
(n = 3) 
3197.0 
    (238.3) 
23.7 
    (4.5) 
1373.7 
    (39.8) 
40.1 
    (13.0) 
104.9 
    (36.6) 
27.4 
    (16.2) 
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Table 2.3 — Percentage of habitat available in pooled home ranges for snakes tracked a 
full season and percentage of habitat use for each radio tracked C. horridus at WGR from 
2003 – 2004. (HS = herbaceous savanna, CS = Atlantic white cedar swamp, HWS = 
hardwood swamp, PPLL = pitch pine lowland, ST = shrub thicket, PPSOB = pitch pine 
scrub-oak barrens, PYG = dwarf pine plains (pygmy forest)). 
 
 
 
  HS CS HWS PPLL ST PPSOB PYG 
 
% 
Available 3.5 3.3 11.7 43.1 14.1 14.4 9.9 
Male  Year        
WGT4 2003 0 0 28.6 28.6 14.3 21.4 7.1 
WGT4 2004 7.7 7.7 46.1 0 7.7 30.8 0 
WGT11 2003 16.7 0 58.3 0 16.7 8.3 0 
Female                 
WGT1 2003 0 0 16.7 16.7 0 66.6 0 
WGT1 2004 0 0 75.0 0 0 25.0 0 
WGT15 2003 0 6.7 73.3 6.7 0 13.3 0 
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Figure 2.1 — Area occupied by C. horridus on WGR from 2002 – 2004.  Incidental 
captures and radio-telemetered snakes primarily occupied areas north of the target zone.  
Black dots represent locations of incidental and telemetered snakes.  The black circle 
represents the target zone where most military activities are conducted.  White areas on 
map represent lowlands.  Gray areas on map represent uplands.  Cross-hatching within 
the target zone represent targets and runway.     
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Figure 2.2 — Home ranges for two C. horridus radio-telemetered on WGR showing high 
use of wetland areas.  Note the overlap and shift of each snake’s home range from year to 
year.  The map illustrating home ranges for these two snakes are scaled differently.  (A) 
Female WGT1 (2002 – 2004) and (B) Male WGT4 (2003-2004).   
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Figure 2.3 — Mean monthly movement for 9 C. horridus on WGR in New Jersey during 
the 2002 – 2004 field seasons.  Males moved the greatest distance in July and females 
moved the greatest distance in September.  Dashed line with ■ represents males and solid 
line with ▲ represents females.     
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CHAPTER 3: Spatial ecology of the Northern Pinesnake (Pituophis melanoleucus 
melanoleucus) in the Pine Barrens of New Jersey 
(As submitted to Herpetologica) 
 
Snake populations are declining as human populations are growing and habitat is 
being altered or lost (Gibbons et al., 2000; Mullins and Siegel, 2009).  This is especially 
true in the Northeastern United States.  The field of snake ecology has advanced 
considerably since 1990 but that has not translated into improved conservation measures 
for snakes.  There is need for integration of ecological studies with snake conservation 
efforts (Siegel and Mullins, 2009) if there are to be natural populations of snakes to 
maintain ecological integrity.  
The Northern Pinesnake (Pituophis melanoleucus melanoleucus; Daudin, 1803) is 
under threat in New Jersey from negative effects that habitat degradation and habitat loss 
are having on the New Jersey Pine Barrens (Burger et al., 2007; Golden et al., 2009).  
New Jersey is the most densely populated state in the U.S. and over the last 20 years, 
6,130 ha of land have been developed per year (Hasse and Lathrop, 2008).  As a result of 
development, Pinesnake habitat in the Pine Barrens has declined by approximately 1,655 
ha per year since 1986 (Golden et al., 2009).  The pressure to develop throughout the 
Pine Barrens continues and in 2009, parties with development interests in New Jersey, 
petitioned the state to remove the Pinesnake from the state threatened species list, thus 
potentially increasing the vulnerability of an already declining population (Golden et al., 
2009).  The New Jersey Department of Environmental Protection ultimately rejected the 
proposal.  The viability of the Pinesnake is in danger because it is losing its habitat.  
Habitat destruction is one of the greatest threats to species survival (Andrén, 1994; Dodd, 
1987; Saunders et al., 1991).  Habitat destruction results in a fragmented landscape and 
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the increasing suburbanization of Pinesnake habitat makes it important to determine the 
effects of disturbance on their movements and distribution (Burger et al., 2007).   
Snake movements vary with climatic conditions (Gauthreaux, 1980) and season 
depending upon hibernation needs (Brown and Parker, 1976; Reinert and Zappalorti, 
1988a,b; Smith et al., 2008), food resources (Brown, et al., 1982; Shine and Lambeck, 
1985; Reinert, 1993;), and mating (Reinert and Zappalorti, 1988a; Reinert, 1993; Beans 
and Niles, 2003).  Movements occur when different resources are required during 
different time periods, causing the snakes to move between the available resources 
(Gregory, et al., 1987).  Because movements are influenced by physiological and 
environmental factors (e.g., reproductive activities, body size, food availability, ecdysis, 
temperature), movement patterns may change between seasons, between years, and 
throughout a snake’s life. 
Although some data on the spatial ecology of the Pinesnake are available for New 
Jersey, the only telemetry study conducted (Burger and Zappalorti, 1988; 1989) focused 
on habitat and microhabitat use and not on spatial patterns and movements.  Studies on 
the ecology of Pinesnakes in New Jersey (Burger and Zappalorti, 1989; Burger et al., 
2007; Zappalorti and Burger, 1985) and Tennessee (Gerald, et al., 2006a,b) indicate that 
Pinesnakes use both disturbed and undisturbed habitats in pine-oak forests.  Open, 
disturbed sites are used for basking and nesting.  Disturbed sites in those studies had been 
disturbed in the past and were abandoned.  They feature low tree density, open canopy, 
and low levels of human activity. 
Military reservations are important refuges for biodiversity in the United States.  
The Department of Defense (DoD) manages over 25 million acres of public land and is 
the fifth largest Federal land manager.  Although DoD manages only about 3% of Federal 
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lands, those lands protect over 220 Federally listed species (Leslie et al., 1996) and even 
more state listed species.  The role of DoD lands as centers of biodiversity in New Jersey 
is especially important with large portions of the Pine Barrens protected by Air Force and 
Army reservations.  These reservations include both disturbed and undisturbed habitats.  
Therefore, it is important to determine the ecology of Pinesnakes on those lands.  We 
used radio-telemetry to compare Pinesnake movements and distribution patterns between 
undisturbed areas and areas disturbed by military operations at Warren Grove Gunnery 
Range (WGR).  This facility has a long history of anthropogenic disturbance, but 
supports an important population of Pinesnakes.  Therefore, it is an ideal location to 
examine effects of disturbance on the Pinesnake.  The purpose of this study was to 
determine if past and current military disturbance affected the spatial ecology of 
Pinesnakes.  These data are also important for evaluating current threats to the Pinesnake 
and for developing mitigation and conservation strategies where development threatens 
the species. 
 
Materials and Methods 
Study Area: 
The New Jersey Pine Barrens encompass 4450 km2 of the Atlantic Coastal Plain 
in New Jersey.  The Pine Barrens is a fire-based ecosystem characterized by 
unconsolidated, sandy, and acidic soil.  The landscape includes pine-oak, oak-pine, and 
dwarf pine forest in the uplands and Atlantic-white cedar bogs, hardwoods swamps, and 
pitch pine lowlands in the wetland areas (McCormick, 1979).  The upland forest 
vegetation are dominated by pine (Pinus rigida) and oak (Quercus spp.) trees and 
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wetlands are dominated by pine, red maple (Acer rubrum), black gum (Nyssa sylvatica), 
Atlantic white cedar (Chamaecyparis thyoides), and shrub species (Boyd, 1991).  
Warren Grove Range was located in Burlington County, New Jersey (39°41’ N, 
74°23’ W) and occupied 3,810 ha within the Pinelands National Reserve (450,000 ha).  
Warren Grove Range was owned by the Department of Defense and operated by the New 
Jersey Air National Guard as an air-to-ground practice bombing range.  The landscape at 
WGR was a mosaic of upland habitats (87.8%) and lowland habitats (12.2%).  Upland 
habitats included dwarf pine plains and pitch pine scrub-oak barrens whereas lowland 
habitats include herbaceous savannas, Atlantic-white cedar swamps, pitch pine lowlands, 
hardwood swamps, and shrub thickets.  A 223 hectare section of upland habitat was used 
as a target zone, which was an open disturbed area cleared of trees.  The target zone 
included a runway and strafe pit, which were used for tactical and conventional air to 
ground gunnery training.  Disturbance was further caused by maintenance activities (i.e., 
mowing, road construction, target renovation) and prescribed burning.  Except for areas 
that were subjected to prescribed burning near the target zone, the remaining 3,587 ha 
remained less disturbed (mainly forested) and served as a buffer zone around the target 
area.  Prescribed burns and other disturbance within and near the target zone created open 
areas suitable for basking and nesting for several snake species (Smith et al., 2008).   
 
Study Methods 
In 2003, we implanted transmitters (ATS Inc. Model No. R1530) into the first 11 
adult Pinesnakes captured (two females and nine males) following the methods of Reinert 
and Cundall (1982) and Reinert (1992). After recovery from surgery (1-2 days), snakes 
were released unharmed at the point of initial capture. We radio-tracked the 11 
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Pinesnakes from spring 2003 to fall 2004.  We relocated snakes approximately twice per 
week using a Telonics TR2 (Telonics, Mesa, Arizona) or ICOM IC-R10 (Icom American 
Inc.) receiver and handheld H-type antenna (Advanced Telemetry Systems, Inc.).  We 
tracked snakes throughout the activity season (April –October) or until we lost the 
transmitter signal.  At each re-location we used a GPS unit to record Universal 
Transverse Mercator (UTM) coordinates and determined whether the animal was above 
or below ground.  If the snake was positioned above ground, we noted its behavior (i.e., 
moving, foraging, mating, and basking).  We also recorded environmental variables 
including air temperature (± 1.0°C) and relative humidity (± 3.0% from 5.0% to 95.0%) 
using a weather meter (Kestrel 3000) 1.5 m above ground, ground temperature with steel 
probe thermometer placed at ground level (± 1.0°C), and presence/absence of 
anthropogenic disturbance.  Air temperature was measured in sun or shade depending on 
the snake’s position (e.g. air temperature was measured in shade when snake was 
positioned in the shade). 
In spring 2005, we captured and tracked 13 different Pinesnakes (seven female 
and six male) for a more detailed analysis of habitat use and snake movements.  We 
implanted transmitters (AVM Instrument Co. Model G3) into adult Pinesnakes using the 
same surgical methods described above.  We radio-tracked snakes from April 2005 
through November 2006.  Three male and 3 female snakes were initially captured in the 
highly disturbed target zone and 3 male and 4 female snakes were captured in the less 
disturbed buffer zone outside the target zone to compare differences in snake behavior 
and movements related to differences in disturbance intensity.  We relocated snakes 
every 48 hours using a Telonics TR2 (Telonics, Mesa, Arizona) receiver and a handheld 
Yagi 3 element collapsible antenna (AVM Instrument Co.) throughout the activity season 
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(April – October).  At each re-location, we measured climatic variables, anthropogenic 
disturbance, animal behavior, and GPS coordinates as previously described.  We tracked 
snakes in a random order to reduce the influence of time of day on behavior.  Tracking 
typically occurred between 0600 and 2000 h; however, to determine nocturnal behavior 
we conducted night checks every 3 – 4 weeks.  Implanted snakes mass ranged from 521-
1279 g (  = 962.1 ± 104.9 g) with a mean transmitter mass of 14.7 g. 
 
Data Analysis 
We report data as  ± 1 SE unless otherwise noted.  We used the 100% Minimum 
Convex Polygon method (MCP) to calculate snake home range size (White and Garrott, 
1990; Kernohan et al., 2001).  We used the kernel density (KD) method to estimate 
seasonal range (95% probability isopleths) and core activity areas (50% probability 
isopleths) (Worton, 1989; Secor, 1994).  Calculations were made using ArcView GIS 
Version 3.2a (ESRI, Inc.) and Spatial Analyst with the Animal Movement Extension 
(Hooge and Eichenlaub, 1997).  We calculated distances traveled per day for each snake 
by measuring the distance that each snake traveled between re-locations, standardizing 
for the number of days between re-locations, and calculating mean values.  We measured 
the linear distance between the most distant re-locations within the activity range to 
calculate activity range length (Reinert and Zappalorti, 1988a).       
We completed a more detailed analysis of movements of snakes that we tracked 
for at least 100 days.  We first tested data for normality and homogeneity of variance 
using Levene’s test before using analysis of variance (ANOVA) to test the hypotheses 
that there were no differences in home ranges (MCP and 95% probability isopleth), core 
activity areas (50% probability isopleth), activity range lengths, distances traveled per 
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day, or seasonal differences in distances traveled per day between male and female 
snakes within and outside the target zone. Season was divided into spring (April and 
May), summer (June, July, August) and fall (September and October) for comparison 
with other studies.  Data that did not meet the assumptions of ANOVA were analyzed 
using Mann–Whitney U and Kruskal–Wallis nonparametric tests.  We accepted statistical 
differences at P < 0.05.  Two of the 5 snakes tracked in 2003 and 2004 and 5 of the 12 
snakes tracked between 2005 and 2006 for which we had complete active season data 
were monitored over two years and treated as independent samples for each year.  This 
resulted in a total of 7 active season data sets for snakes tracked in 2003 and 2004 and 17 
active season data sets for snakes tracked in 2005 and 2006.  We considered snakes 
tracked in different years as independent replicates for our analysis following procedures 
used in other studies (Reinert and Zappalorti, 1988a). 
Due to the unique nature of military activities on WGR, disturbed and undisturbed 
habitats were limited and replicate sites were unavailable for the different disturbance 
regimes. We considered different snakes at WGR as replicates, and we are cognizant of 
the danger of pseudoreplication, as discussed by Hurlbert (1984), and the need to limit 
‘non-demonic intrusion’ in the study. However, we were also cognizant of the concerns 
of Oksanen (2001) and the resulting dialogue between Hurlbert (2004) and Oksanen 
(2004) on the subject. Ours was essentially an opportunistic ‘natural experiment’ (Baum 
and Worm, 2009; Schank and Koehnle, 2009), which provided data on the effects of 
disturbance on the behavior and movements of Pinesnakes in the Pine Barrens. 
 
Results 
During the 2003-2004 field seasons, we collected movement data on 11 
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Pinesnakes, and of these snakes, we had complete active season data on 5 of the snakes.  
We lost signals from 4 snakes. Three transmitters removed at the end of the study had 
broken antennas, which resulted in a reduction of signal range. Thus, transmitter 
malfunction may have been a primary cause of signal loss. During the 2005-2006 field 
seasons, we collected movement data on 13 Pinesnakes, and of these snakes, we had 
complete seasonal data on 12 snakes.  
 
Monthly and Daily Activity for Radio-tracked Snakes 
Pinesnakes were exposed on the surface in 42% (498) of the 1177 re-locations 
during the active period (i.e., re-locations during hibernation excluded).  Pinesnake 
distance moved per day was high in the spring and early summer with a decrease through 
late summer into fall (Figure 3.1).  All recorded movements occurred during daytime 
hours (Figure 3.2).  The earliest recorded movement was 0730 hours and the latest was 
2010 hours.  Snakes were underground or undercover (i.e., metal, stumps, leaf litter) 
during most early morning and late evening re-locations.  Only on four occurrences was a 
Pinesnake found exposed on the surface during late evening and early morning tracking.  
These snakes were all stationary and coiled close to nearby shrubs. Surface activity was 
observed for Pinesnakes within an air temperature range of 10.1-40.0°C and soil surface 
temperature of 10.1-45.0°C (Figure 3.3).  Surface activity was highest within the air 
temperature range of 25.1-30°C and soil surface temperature of 30.1-35°C (Figure 3.3). 
 
Activity Parameters 
There was a significant difference in total distance traveled (F3, 20= 24.076, P < 
0.001), distance traveled per day (F3, 20= 27.857, P < 0.001) and MCP (F3, 20 = 3.366, P = 
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0.039) between 2003-2004 and 2005-2006 (Table 3.1).  A Tukey post hoc test revealed 
that 2003 and 2004 were different than 2005 and 2006 field seasons with the 2005 and 
2006 snakes having larger distance traveled, distance traveled per day, and greater MCP 
(Table 3.2).  There was no significance difference in range length, 95% isopleths, or core 
area of activity (Table 3.2).   
There were no significant differences in total distance traveled, distance traveled 
per day, range length, MCP, 95% isopleths, or core area of activity between male and 
female snakes (Table 3.2).  There was also no difference in distance traveled per day, 
range length, MCP, 95% isopleths, or core area of activity between snakes in and outside 
the target zone (Table 3.2; Figure 3.4).  However, there was a significant difference 
between snakes in the target zone and outside the target zone in total distance traveled 
(F1,22= 10.320, P = 0.006) with snakes in the target zone having larger total distances 
traveled compared to snakes outside the target zone (Table 3.2).  
Pinesnake home ranges and core activity areas overlapped within highly disturbed 
areas such as the strafe pit, runway, target sites, and the main compound of the target 
zone (Figure 3.4). Pinesnakes hibernated, mated, nested, foraged, and fed throughout 
WGR property, including the target zone.  Pinesnakes were under metal and tires in the 
target zone, feeding on small mammals that were nesting, and hiding during ecdysis.  
Pinesnakes also basked in the sun in the target zone after feeding.   
 
Monthly and Seasonal Movements 
There were no significant differences in seasonal movements based on sex in 
spring (Mann–Whitney, U = 18, P = 0.193), summer (U = 43, P = 0.315), or fall (U = 
46.5, P = 0.175).  Snake movements within and outside the target zone were not 
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significantly different in spring (U = 21, P = 0.248) summer (U = 21, P = 0.149), or fall 
(U = 40, P = 0.700).  There were no significant differences between monthly movements 
of male and female snakes; however, there were significant differences in movements 
between snakes within and outside the target zone only in June (U = 15, P = 0.043) with 
snakes in the target zone moving longer distances compared with snakes outside the 
target zone in June. 
 
Reproductive Condition 
Out of the 11 female snakes tracked in 2005 and 2006, five were gravid and six 
were non-gravid.  There was no significant difference between gravid females, non-
gravid females, and males in total distance traveled, distance traveled per day, range 
length, MCP, 95% isopleths, or core area of activity (Table 3.2).  There were no seasonal 
movement differences in spring (H = 1.754, P = 0.416), summer (H = 1.626, P = 0.443), 
or fall (H = 2.089, P = 0.352) between gravid and non-gravid females and males. Two 
tracked females made long movements to nesting sites located outside of their core 
activity areas.  Gravid female PFI064 moved 1040 meters to a nesting site and gravid 
female PFO642 moved 1002 meters to a nesting site, both within the target zone at the 
end of June.  After nesting both individuals moved back out of the target zone into their 
core activity areas.  In 2006, only one female nested, and it used the same nest site that it 
used the previous year, which was within the core activity area of the snake. 
 
Discussion 
Pinesnakes occurred in areas disturbed by military operations and in the 
undisturbed areas outside the target zone at WGR.  We commonly observed and radio-
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tracked Pinesnakes within the areas of high military activity. Snakes that used the target 
zone had home ranges, core activity areas, and distances moved per day that were not 
significantly different from those snakes that were radio-tracked outside the target zone in 
less disturbed continuous forest.  Pinesnakes hibernated, mated, nested, foraged, and fed 
in the target zone, suggesting that this disturbed area and the current level of military use 
of the area was at least tolerated by the snakes.  We could not determine experimentally 
whether the military activity improved the habitat for the snakes or whether the snakes 
were using the area in spite of the military activity.  Pinesnakes avoid disturbed areas 
with high human activity (Burger and Zappalorti, 1988; Burger et al., 2007) but rely on 
open disturbed sites for basking, foraging, and nesting (Burger and Zappalorti, 1989).  
Pinesnakes on WGR used the target zone as a typical open disturbed site. Pinesnakes on 
Arnold Air Force Base in Tennessee also use open disturbed sites with low human 
activity (Gerald et al., 2006a,b).  Several of our radio-telemetered Pinesnakes had home 
ranges that included the target zone in their normal activities.  There was no indication 
that Pinesnakes avoided the target zone. 
The Pinesnake is a fossorial species that burrows in loose sandy soil (Zappalorti et 
al., 1983).  We found Pinesnakes underground or under cover in 58% of all re-locations.  
This is common for the genus Pituophis and consistent with other studies reporting a high 
percentage of fossorial behavior ( = 75%) (Parker and Brown, 1980; Shewchuk, 1996; 
Rodriguez-Robles, 2003; Ealy et al., 2004; Himes and Hardy, 2006). Northern 
Pinesnakes in Tennessee were underground more than 85% of the time (Gerald et al., 
2006a) and in the Pine Barrens were inactive in 41-43% of re-locations (Burger and 
Zappalorti, 1988; 1989).  The amount of time spent underground, especially during the 
peak of daily temperature, indicates that the snakes are avoiding extreme air and/or soil 
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surface temperatures (Ealy et al., 2004; Kapfer et al., 2008).  Ecdysis and foraging also 
influence fossorial behavior (Brown and Parker 1982; Jennings et al., 1996; Shewchuk, 
1996; Sterner et al., 2002). 
Radio-tracked Pinesnakes in the Pine Barrens had similar mean home ranges (  = 
60.0 ± 32.7 ha) as Pinesnakes in Tennessee (Gerald et al., 2006b) ( = 75.2 ha). Gerald et 
al. (2006b) suggest that the large size home ranges found in their study of P. m. 
melanoleucus may be a result of widely spaced open canopy habitats and snakes having 
to travel through thickly forested sites in search of the open canopy habitats.  Our study 
site had extensive areas of open canopy as a result of military operations and forest 
management (i.e. prescribed burning, thinning), and Pinesnakes in the more disturbed 
target zone had larger total distances traveled compared to snakes in the less disturbed 
areas outside the target zone.  These data suggest that larger movement patterns exhibited 
by some populations of Pinesnakes may not be due to habitat structure alone, but could 
be influenced by a combination of other factors (e.g., prey abundance, disturbance by 
military activity, snake densities, etc.). 
We found no differences in overall movement patterns between four gravid 
female snakes during the 2005 nesting season (late June – early July) even though two of 
the gravid females moved more than 1000 meters away from the area they resided in 
during the spring. No data regarding the movements of gravid females has been 
previously published for the Pinesnake.  Long-term changing home range patterns could 
account for Pinesnakes using areas outside their normal movement patterns.  Pinesnakes 
may return to these nesting sites from previous experience, if their home range previously 
included that area. 
Pinesnakes tracked in 2003 and 2004 had different movement patterns than 
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snakes tracked in 2005 and 2006.  Snakes tracked in 2003 and 2004 had significantly 
smaller MCP, distance moved per day, and total distance travelled compared with snakes 
in 2005 and 2006.  This difference may be due to changes in weather conditions, prey 
availability (Shenko et al., 2012), or other unknown variables.  The difference may also 
be due to variation in tracking intensity between the sets of years.  In 2003 and 2004 
snakes were tracked approximately twice per week compared to the snakes tracked in 
2005 and 2006 which were tracked every 48 hrs.  Reinert (1992) suggests that less active 
snakes be tracked 3 to 4 times per week to accurately assess activity ranges.  Long time 
intervals between re-locations of an individual may allow the snake to make long 
distance movements that are not observed; thus the distance that the snake is moving may 
be greatly underestimated.  Other studies have shown that sampling interval is not as 
important as number of individuals being tracked in order to determine habitat selection 
(Girard et al., 2006; Land et al., 2008).  Monitoring small-scale movements, behavior in 
relation to weather, and delineation of home ranges requires a higher re-location 
frequency (Girard et al., 2002; Dussault et al., 2004; Fortin et al., 2004).  The intensity of 
tracking frequency may explain the difference in Pinesnake movement patterns and home 
range size; however, the effect of tracking frequency on snakes needs to be further 
investigated.  
The WGR supports an important population of Pinesnakes because the landscape 
is protected, inaccessible, and relatively free from negative impacts associated with urban 
development, agriculture, and high use paved roadways.  Landscape management at 
WGR is maintaining a diversity of habitats that is important for maintaining the 
Pinesnake population.  Current disturbance regimes (mechanical and prescribed burning) 
at different scales maintain open canopy habitat and large tracts of undeveloped forest 
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used by Pinesnakes for cover, foraging, nesting, and hibernating.  Pinesnakes on WGR 
have similar home ranges and behave in a similar manner as Pinesnakes at other locations 
with low levels of human activity in New Jersey and Tennessee (Burger and Zappalorti, 
1989; Gerald et al., 2006a,b).  Therefore, this site needs to be managed in such a way that 
current habitat types are preserved and that human access is restricted to essential 
military activity and scientific studies.  The long-term (>500 years) viability of the 
Pinesnakes population on WGR is unknown because there are insufficient population 
data to conduct population viability analysis and the current status of the population 
cannot be guaranteed in light of development in surrounding areas and climate change.  
However, it does appear that current military activities are consistent with normal 
behavior, movement, and natural history of the population.  Thus, WGR protects a large 
area of Pinesnake habitat in an otherwise crowded and increasingly urbanized state.   
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Table 3.1 — Summary of Northern Pinesnake (Pituophis melanoleucus melanoleucus) 
activity parameters at Warren Grove Gunnery Range, New Jersey, from 2003-2004 (top) 
and 2005 – 2006 (bottom); see text for description of measures.  
 
 
 
 
Total dist. 
traveled (m) 
Dist. / day 
(m) 
Range length 
(m) 
Convex 
polygon area 
(ha) 
95% 
isopleth 
(ha) 
50% 
isopleth 
(ha) 
2003 - 2004       
Range 643.9–7193.5 6.4–81.7 346.9–2088.6 0.03–67.2 10.8–430.4 2.9–110.8 
Mean 3444.8 36.5 1173.8 28.7 109.8 22.4 
1 SE 535.9 5.4 133.6 5.4 26.9 6.8 
2005 - 2006       
Range 4970.4–17858.0 55.2–108.1 753.8-2160.6 34.3-137.4 18.1-208.0 2.9-22.8 
Mean 13086.9 82.1 1372.4 70.0 71.7 8.7 
1 SE 788.1 3.3 90.4 6.9 10.9 1.3 
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Table 3.2 — Summary of the effects for year, sex, location, and reproductive condition 
on home ranges and movement patterns of the Northern Pinesnake (Pituophis 
melanoleucus melanoleucus) at the Warren Grove Range in the New Jersey Pine Barrens.  
Reproductive condition refers to comparison of male, non-gravid females, and gravid 
females.  Location refers to comparison of snakes in the target zone and snakes outside of 
the target zone. Statistical analysis includes analysis of variance (ANOVA) = F statistic 
and Kruskal-Wallis = H statistic.   MCP = minimum convex polygon, Repro Cond – 
reproductive condition.  Significant P values are in boldface type.   
 
 
Parameter Effect Statistic P Interpretation 
MCP Year F3, 20 = 3.366 0.039                 2003 = 2004 < 2005 = 2006 
 Sex F1,22= 0.055 0.818  
 Location F1, 22= 0.020, 0.891  
 Repro cond. H= 0.830 0.660  
     
95% isopleth Year F3, 20= 0.050 0.985  
 Sex F1,22< 0.001 0.983  
 Location F1, 22= 0.019 0.894  
 Repro cond. H= 1.060 0.589  
     
Core activity Year F3, 20= 1.370 0.281  
 Sex F1,22= 0.218 0.647  
 Location F1, 22< 0.001 0.997  
 Repro cond. H= 0.577 0.750  
     
Range length Year F3, 20= 0.997 0.415  
 Sex F1,22= 0.015 0.903  
 Location F1, 22= 0.094 0.763  
 Repro cond. H= 0.171 0.918  
     
Total distance Year F3, 20= 24.076 < 0.001 2003 = 2004 < 2005 = 2006 
 Sex F1,22= 2.170 0.161  
 Location F1,22= 10.320 0.006 In > Outside target zone  
 Repro cond. H = 2.282 0.319  
     
Distance / day Year F3, 20= 27.857 < 0.001 2003 = 2004 < 2005 = 2006 
 Sex F1,22= 0.053 0.820  
 Location F1, 22= 0.604 0.449  
 Repro cond. H = 0.295 0.863  
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Figure 3.1 — Monthly average of distance moved per day for male (white circle) and 
female (black circle) Northern Pinesnakes (Pituophis melanoleucus melanoleucus) at 
Warren Grove Range with bars representing the 95% confidence interval. 
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Figure 3.2 — Behavior measured in percentage of observations below ground (gray), on 
surface inactive (white), and on surface active (black) for Northern Pinesnakes (Pituophis 
melanoleucus melanoleucus) at Warren Grove Range.  
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Figure 3.3 — Percent of 13 Northern Pinesnakes (Pituophis melanoleucus melanoleucus) 
on the surface within a 5°C ambient air temperature range (black bars) and 5°C soil 
surface temperature range (white bars) at Warren Grove Gunnery Range during the 2005 
and 2006 field season.  Data for all specimens for each temperature range is combined for 
percent of activity; error bars indicate ± SD.   
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Figure 3.4 — Distribution of the home ranges of 13 Northern Pinesnakes (Pituophis 
melanoleucus melanoleucus)tracked between 2005-2006 at WGR (gray polygon).  Target 
zone represented as white circle, male snakes lightweight line polygons, female snakes 
heavy weight line polygons. 
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CHAPTER 4:  Hibernacula buffering: a conservation strategy for the northern 
Pinesnake (Pituophis melanoleucus melanoleucus) in the New Jersey Pine Barrens. 
 
Human activities leading to changes in land use (Gontier et al., 2010; Sala et al., 
2000) and habitat loss are leading causes of the loss of biodiversity (Andrén, 1994; 
Terribile et al., 2009; Todd et al., 2010).  Current protection regulations need to be 
enforced and strengthened in order to preserve a wide variety of habitat and wildlife.  
Unabated development pressures a wide variety of habitats and species.  Snakes, for 
example, are faced with a number of threats that continue to impact the stability of 
already declining populations (Dodd, 1987; 1993; Seigel and Mullin, 2009).   
Establishment of buffer zones (or buffer) are useful for species that are known to 
occupy a specific portion of habitat or congregate at specific locations such as a pond or 
wetland.  Buffers have been used to protect wetlands and streams (Castelle et al., 1994; 
Davies and Nelson, 1994) and many species that occupy these habitats (O’Neil, 2001; 
Roe et al, 2003; Roth, 2005; Semlitsch, 1998; Semlitsch and Jensen, 2001).  Buffers are 
also important in supporting and maintaining biodiversity (Burke and Gibbons, 1995; 
Rudolph and Dickson, 1990; Spackman and Hughes, 1995) as well as providing dispersal 
corridors for genetic exchange (Berven and Gruzien, 1990; Burbrink et al., 1998; Marsh 
and Trenham, 2000).  
The protection of land from habitat loss and habitat degradation is just as 
important for terrestrial species as it is to aquatic or semi-aquatic species (Dodd, 1987; 
Saunders et al., 1991).  For snakes, enough habitat space should be protected for species 
requirements (i.e. forage, shelter, den, bask, and reproduce). There should be enough 
connectivity between conservation zones to allow interactions within metapopulations to 
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maintain a diversity of genes for increased population fitness (Clark et al., 2010; Marshall 
Jr. et al., 2009; Noël et al., 2007; Telles et al., 2007).  However, the overall lack of 
understanding of snake behavior, spatial use patterns, distribution, resource requirements, 
population size, and genetic exchange parameters makes it difficult to determine how 
much land and what land needs to be protected.   
There have been a limited number of studies that have suggested buffer size 
(Brown, 1993) or assessed the effectiveness of an established buffer size (Williams et al., 
2012) for different species of snakes.  However, the increased pressure for land use 
makes it difficult to establish broad areas for protection.  I studied the spatial ecology of 
the Northern Pinesnake (Pituophis melanoleucus melanoleucus) in the New Jersey Pine 
Barrens.  I used a hibernaculum-centered approach to determine the spatial area large 
enough to protect this species and its associated habitat to help ensure survival.  These 
data may be useful in the design of conservation management programs for this species in 
the most densely populated state in the United States.   
  
Methods 
Study Area 
The New Jersey Pine Barrens encompass 5500 km2 of the Atlantic Coastal Plain 
in New Jersey.  The Pine Barrens is a fire-based ecosystem characterized by 
unconsolidated, sandy, and acidic soil (Forman, 1979).  I conducted this study at the 
Warren Grove Range (WGR), Burlington County, New Jersey where a Pinesnake 
population is known to occur (Smith et al., 2012).  Located in the Pinelands National 
Reserve (450,000 ha), WGR supports 3,810 ha of land owned by the Department of 
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Defense and operated by the New Jersey Air National Guard as an air-to-ground practice 
bombing range.  The landscape at WGR is a mosaic of upland habitats (87.8%) and 
lowland habitats (12.2%) (Smith et al., 2008). 
 
Study Methods 
During the 2005 and 2006 field seasons, I corralled six spatially separated 
Pinesnake hibernacula to capture snakes during egress.  I surgically implanted radio-
transmitters into 13 adult Pinesnakes (seven female and six male) and radio-tracked them 
throughout the active season (April through November).  During the 2010 and 2011 field 
seasons, I corralled five hibernacula and radio-tracked 28 adult snakes (nine female and 
19 male).    
I constructed corrals out of 0.64 cm hardware cloth (23 gauge galvanized welded 
mesh 1.2 m in height) by placing the fence in a trench, approximately 15 cm deep, dug in 
a circumference around each hibernaculum.  I backfilled the trench and supported the 
fence with wooden stakes.  Plywood constructed box traps (0.3 m x 0.3 m x 0.9 m) 
placed periodically around the outside of the fence, attached to an opening cut into the 
fence, allowed snakes to enter through a one way swinging door into a box upon egress 
and dispersal form hibernacula.  Box traps contained leaf litter and a shade board for 
cover.  Traps were checked every 24 hrs.      
I implanted transmitters (AVM Instrument Co. Model G3) into adult Pinesnakes 
following the methods of Reinert and Cundall (1982) and Reinert (1992).  I considered a 
snake an adult if it weighed greater than 600g, which allowed for the implantation of a 
transmitter <5% of snake’s body mass (Reinert, 1992).  Mass of implanted snakes ranged 
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from 628.0-1398.0 g (  = 979.1 ± 36.0 g) with a mean transmitter mass of 14.7 g.  I 
injected each captured snake with a passive integrated transponder (PIT tags; AVID 
Identification Systems, Inc.) for future identification.  After recovery from surgery, 
snakes were released at the point of initial capture.  I relocated snakes every 48 hours 
using a Telonics TR2 (Telonics, Mesa, Arizona) receiver and a handheld Yagi 3 element 
collapsible antenna (AVM Instrument Co.). I tracked snakes in a random order to reduce 
the influence of time of day on behavior.  I recorded locations of snakes using a 
geographical positioning system (GPS) unit and plotted snake locations using ArcView 
GIS Version 3.2a (ESRI, Inc.).  
 
Data Analysis 
I report data as   ± SD unless otherwise noted.  Spatial calculations were made 
using ArcView GIS Version 3.2a and Spatial Analyst with the Animal Movement 
Extension (Hooge and Eichenlaub, 1997).  I measured the linear distance between the 
most distant re-locations within the activity range to calculate activity range length 
(Reinert and Zappalorti, 1988).  I measured maximum monthly distances and maximum 
distance each snake traveled from its hibernaculum using spider distance analysis with 
hibernacula locations as the calculation center.  I calculated the ratio of maximum 
distance traveled from hibernaculum with activity range length (MaxD:RL) for each 
snake (Rouse et al., 2011).  A value near 1 indicates hibernation location at the edge of 
the home range, whereas a value near 0.5 indicates hibernation location in the center of 
the home range.  When snakes shifted hibernacula, I noted the switch and calculated 
movement distances and ratios from each hibernation site (Williams et al., 2012)      
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I first tested data for normality using Shapiro-Wilk test and homogeneity of 
variance using Levene's test.  Our data did not meet the assumptions of analysis of 
variance (ANOVA), and were therefore analyzed using Mann–Whitney U and Kruskal–
Wallis nonparametric tests.  I tested the hypotheses that there were no differences in 
maximum distance moved from hibernacula, monthly distances moved from hibernacula, 
and location of hibernacula within the snake’s home range based on year, sex, or 
hibernacula locations. Snakes tracked for more than one complete active season were 
treated as independent samples for each year (Reinert and Zappalorti, 1988).  I accepted 
statistical differences at P < 0.05. 
 
Results 
Pinesnakes emerged from 10 out of the 11 corralled hibernacula.  One 
hibernaculum had no snakes emerge over the entire study even though it was known to 
historically support Pinesnakes.  Hibernacula fidelity was common in this study.  Out of 
41 snakes tracked from egress to ingress, 34 snakes used the same hibernacula from year 
to year.  Only seven snakes shifted hibernacula between years.  In 2006, one male shifted 
651.4 m and one female shifted 351.8 m to a different hibernacula.  In 2010, two males 
moved 351.8 m and 470.2 m to different hibernacula.  In 2011, two females shifted 
1188.2 m and 1421.6 m, while a male shifted 351.8 m to different hibernacula.  
Hibernacula shifts ranged from 351.8 – 1421.6 m (  = 683.8 ± 442.7 m; Table 4.1). 
The MaxD:RL ratio ranged from 0.6 – 1.0 (  = 0.9 ± 0.1; Table 4.2), with 74% 
of snakes having a ratio 0.8 or greater.  The majority of snakes occupied hibernacula at 
the edge of their home range rather than having a home range center around their 
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hibernacula.  There were no differences in the ratio of maximum distance moved from 
hibernacula to range length among years (Kruskal-Wallis, H = 3.146, P = 0.370), sex 
(Mann–Whitney,U = 504.0, P = 0.742), or location of hibernacula emerging from (H = 
9.292 P = 0.098) (Table 4.2; 4.3).   
Upon emerging from hibernation, radio-tracked Pinesnakes dispersed in all 
directions away from the hibernacula and moved maximum distances ranging from 386.2 
- 2764.1 m (  = 1394.3 ± 538.4 m; Table 4.2).  There were no differences in maximum 
distance moved from hibernacula among years (H = 7.264, P = 0.064), sex (U = 574.5, P 
= 0.192), or location of hibernacula emerging from (H = 8.767 P = 0.119)  (Table 4.2; 
4.3; Fig. 4.3). 
The timing when Pinesnakes reached maximum distance from hibernacula was 
consistent through the spring and summer. I found that by May, 24% of Pinesnakes 
reached their maximum distance traveled, followed by 25% in June, 22% in July, and 
21% in August.  Only 8% of the snakes tracked reached a maximum distance in 
September with snakes beginning to migrate back to their hibernaculum.  There was no 
difference between maximum distance moved from hibernacula and month (H = 8.168 P 
= 0.147) (Table 4.3; Fig. 4.4).    
The shortest distance that any snake moved away from a hibernaculum was 386.2 
m.  Because Pinesnakes dispersed in all potential directions after leaving their 
hibernaculum, a 360° buffer must be established around a hibernation site.  The 
maximum distance moved represents the radius of the buffer (Fig. 4.5).  A buffer zone of 
386.2 m away from a hibernaculum encompasses 47 ha of land.  Even though 100% of 
the snakes in the study used 47 ha of land that would be protected in a 386.2 m buffer, 
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99% of Pinesnakes moved a distance greater than 386.2 m from hibernacula.  Thus, in 
order to protect the habitat used by all Pinesnakes moving out of a hibernaculum, 2388 ha 
of land would need to be protected based on a maximum distance dispersed of 2764.1 m 
(Fig. 4.5). 
 
Discussion 
In New Jersey, the Pinesnake is restricted to the Pine Barrens and conservation of 
the species falls under three categories of protective regulations.  The majority of the 
Pinesnakes distribution falls within the area regulated by the new Jersey Pinelands 
Comprehensive Management Plan (CMP) through the Pinelands Commission.  To a 
lesser degree, some of the Pinesnakes distribution falls within coastal areas covered by 
New Jersey’s Coastal Area Facilities Review Act (CAFRA).   Ultimately, as a state-
threatened species, legal protections fall under the New Jersey Endangered Species 
Conservation Act of 1973 with the New Jersey Department of Environmental Protection, 
Division of Fish and Wildlife, Endangered and Nongame Species Program (NJDEP).  All 
three protective bodies in some way require that endangered and threatened species and 
their habitat must be conserved, including a sufficient buffer area for population survival 
and corridors for movement of wildlife; this buffer is dependent on the range of the 
species in question.  However, these three protective bodies have no specific 
requirements or recommendations for the Pinesnake.     
The difficulty for developing a conservation strategy for specific species is 
defining the size of a buffer or protection zone, because the spatial ecology of many 
species is not known or it is based on minimal data.  Currently in New Jersey, there are 
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no set guidelines for the amount of land that should be protected to support a population 
of Pinesnakes.  The regulating documents are not descriptive as to what constitutes 
Pinesnake habitat.  There are no regulations that state no development can occur within a 
certain distance of a Pinesnakes hibernaculum, even though it is known that hibernacula 
serve a critical function in the Pinesnake’s life history (Golden et al., 2009).   
An understanding of spatial use patterns associated with a point of repeated use or 
for communal gathering is important for establishing conservation strategies.  For 
Pinesnakes, the hibernacula location can be used to build dispersal distances and zones of 
protection.  Proper protection and management of hibernacula sites is therefore essential 
for sustaining Pinesnake populations in New Jersey.  Pinesnakes at WGR had a high 
degree of communal denning and site fidelity was common and is consistent with the 
findings reported for other areas of the Pine Barrens (Burger and Zappalorti, 1988; 2011). 
A Pinesnake’s home range includes habitat and resources required for 
thermoregulation, nesting, feeding, hibernating, and cover from potential predators.  
Thus, hibernacula buffers need to encompass the habitat and resources needed for 
survival.  With snakes having the potential to move in all possible directions upon 
emerging from hibernation, a hibernaculum needs to be buffered 360° based on the 
maximum distances moved.  Anything less than this distance would limit the number of 
snakes fully protected, thus impacting survivability and fitness. 
Pinesnakes at WGR moved a maximum of 2764.1 m from their hibernacula, 
which requires a buffer zone of 2388 ha.  This represents 100% of the amount of area that 
all snakes utilized.  New Jersey DEP applied a buffer of 500 m around any known 
occurrence of a Pinesnake to approximate the activity range (Golden et al., 2009).  Our 
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data suggest that this grossly underestimates the amount of area required for the species.  
A buffer of 500 m would encompass 78 ha of habitat.  If I choose a random re-location 
point from a Pinesnake tracked at WGR, with a mean maximum distance moved from the 
hibernaculum (1397.9 m; 611 ha), a 500 m buffer (78 ha) would underestimate the 
dispersal length by approximately 87%.  The 500 m buffer would protect 3% of the total 
area that Pinesnakes would utilize coming out of hibernation, based on the maximum 
distance dispersed (2764.1m, 2388 ha; Fig. 5.4).  Approximately 50% the snakes studied 
at WGR reached the furthest distance away from their hibernation site in June.  
Therefore, snakes encountered after June are most likely much further away from a 
critical resource (e.g. hibernation site) than would be suggested by a 500 m buffer. This 
would severely limit the amount of resources and habitat actually used.  If the overall 
goal is to protect the Pinesnakes, then a radius of 2764.1 m that creates a 2388 ha buffer 
is required around hibernacula to protect the snake’s current population and reduce 
impacts of habitat loss on this declining species. 
Every effort should be made to protect and conserve all current and historic 
Pinesnake habitat; including marginal habitat that may not support large Pinesnake 
populations.  This is especially important because there has been a steady loss of 
Pinesnake habitat in New Jersey since 1979 as a result of development (Golden et al., 
2009).  With a potentially declining population due to continued habitat loss, the 
Pinesnake is vulnerable to extirpation in New Jersey.  Once development has occurred, 
the surrounding habitat eventually becomes less suitable for Pinesnakes (Burger et al., 
2007; Golden et al., 2009).  Protecting surrounding marginal habitat helps protect ideal 
habitat from the negative effects of urban disturbance.  Once marginal habitat is 
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developed, adjoining habitat soon becomes degraded thus creating a “domino effect” and 
eventual loss of more Pinesnake habitat in the long term.  The use of historic data on 
hibernacula locations and the continued effort to survey for new hibernation sites in the 
Pine Barrens should be used to determine what areas are in need of greatest protection. 
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Table 4.1 — Hibernacula shift distances for Pituophis melanoleucus melanoleucus at 
Warren Grove Range.   
 
 
 
Year Sex Egress Location Ingress Location Distance (m) 
2006 Male Inner Loop Runway 651.4 
2006 Female Compound Runway 351.8 
2010 Male Runway Compound 351.8 
2010 Male Inner Loop Metal Rd 470.2 
2011 Female Inner Loop Wetland North 1188.2 
2011 Female Compound Wetland South 1421.6 
2011 Male Runway Compound 351.8 
   
Mean ± SD 683.8 ± 442.7 
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Table 4.2 — Summary of maximum distance moved from hibernacula (MaxD) and the 
ratio of maximum distance moved to home range length (MaxD:RL) for Pituophis 
melanoleucus melanoleucus at Warren Grove Range for each hibernacula corralled.  
Habitat type Dist. = disturbed area, PPSOB = pitch pine scrub oak barrens, Pygmy = 
pygmy forest.   
 
 
 
Hibernaculum Habitat Type 
Number of 
Individuals 
Tracked 
MaxD      
Range (m) 
MaxD Mean    
± SD (m) 
MaxD:RL 
Range Ratio 
MaxD:RL 
Mean ± SD 
Central Park Dist. 8 715.2 - 2704.7 1545.8 ± 627.7 0.7 - 1.0 0.9 ± 0.1 
Compound Dist. 8 386.2 - 2022.7 1184.9 ± 154.9 0.6 - 1.0 0.8 ± 0.1 
Inner Loop PPSOB 18 772.2 - 2764.1 1515.4 ± 101.7 0.6-1.0 0.9 ± 0.1 
Metal Rd Pygmy 1 1320.2 - 1400.5 1360.4 ± 56.8 0.6-0. 8 0.7 ± 0.1 
Runway Dist. 2 762.5 - 1311.0 983.0 ± 241.3 0.6-1.0 0.8 ± 0.2 
Range Road Dist. 1 711.6 - 1128.8 920.2 ± 295.0 0.9 - 1.0 1.0 ± 0.1 
Upper Cabin PPSOB 1 1013.0 1013.0 0.9 0.9 
Cranberry PPSOB 1 1357.1 1357.1 1.00 1.0 
WL North PPSOB 1 1444.9 1444.9 0.7 0.7 
WL South PPSOB 1 1189.0 1189.0 0.6 0.5 
 Overall   
 
386.2 - 2764.1 1394.3 ± 538.4 0.6 - 1.00 0.9 ± 0.1 
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Table 4.3 — Summary of the effects for year, sex, hibernacula, and month on maximum 
distance moved from hibernacula (MaxD) and the ratio of maximum distance moved 
from hibernacula to range length (MaxD:RL) for the Northern Pinesnake (Pituophis 
melanoleucus melanoleucus) at the Warren Grove Range. Statistical analysis includes 
Kruskal-Wallis = H statistic and Mann-Whitney U = U statistic.    N = number of snakes 
used in analysis, DF = degrees of freedom, and P = probability of statistical differences 
(accepted at P < 0.05). 
 
 
 
Parameter Effect N Statistic DF P 
MaxD Year 63 H= 7.264 3 0.064 
 Sex 63 U= 574.5 1 0.192 
 Hibernacula 59 H= 8.767 5 0.119 
 Month 59 H= 8.168 5 0.147 
      
MaxD:RL Year 63 H= 3.146 3 0.370 
 Sex 63 U= 504.0 1 0.742 
 Hibernacula 59 H= 9.292 5 0.098 
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Figure 4.1 — Ratio of maximum distance moved from hibernacula to home range length 
(MaxD:RL) per year for Northern Pinesnakes (Pituophis melanoleucus melanoleucus) at 
Warren Grove Range.  Numbers at the bottom of the bar represents number of male and 
female snakes radio-tracked each year.  Error bars indicate ± SD. 
 
 
 
5	   6	   6	   9	  3	   4	   15	   15	  0.0	  0.1	  
0.2	  0.3	  
0.4	  0.5	  
0.6	  0.7	  
0.8	  0.9	  
1.0	  1.1	  
1.2	  
2005	   2006	   2010	   2011	  
MaxD:R
L	  
Year	  
Female	  Male	  
86 
 
 
 
Figure 4.2 — Maximum distance moved from hibernacula (MaxD) per year, for Northern 
Pinesnakes (Pituophis melanoleucus melanoleucus) at Warren Grove Range.  Numbers at 
the bottom of the bar represents number of male and female snakes radio-tracked each 
year.  Error bars indicate ± SD. 
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Figure 4.3 — Maximum and mean distances moved from each hibernacula for Northern 
Pinesnakes (Pituophis melanoleucus melanoleucus) at Warren Grove Range.  Numbers at 
the top of the bar represents number of snakes radio-tracked from each hibernaculum.  
Error bars indicate ± SD. 
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Figure 4.4 — Maximum and mean distances moved from hibernacula per month for 
Northern Pinesnakes (Pituophis melanoleucus melanoleucus) at Warren Grove Range.  
Numbers at the top of the bar represents number of radio-tracked snakes for each month.   
Error bars indicate ± SD. 
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Figure 4.5 — Dispersal pattern of 10 Northern Pinesnakes (Pituophis melanoleucus 
melanoleucus) from a hibernaculum at Warren Grove Range.  All snake relocation points 
represented as gray dots and hibernaculum shown as black center dot.  Small lightweight 
black circle represents a 500 m buffer around the hibernation site and the larger heavy 
weight black circle represents a 2764 m buffer based on maximum distances dispersed 
from hibernaculum.  Dashed line represents the distance encompasses 95% of all snakes 
(2561 m) moving from a hibernaculum at Warren Grove Range.  Arrow represents 
furthest distance moved as the radius of the buffer.  
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CHAPTER 5: Thesis summary and applications 
 
 
Introduction 
Effects of disturbance (i.e., habitat loss, habitat alteration) on plant and animal 
communities vary with the degree and type of disturbance.  Negative effects of 
disturbance have been well documented and can result in species decline by direct impact 
(Campbell, 2007; Dodd, 1987; Laidig and Golden, 2004; Minton, 1968; Price et al., 
2006) or by indirect impact by altering dispersal, breeding success, genetic exchange 
(Burbrink et al., 1998; Dodd and Smith, 2003; Spackman and Hughes, 1995; Wilcox and 
Murphy, 1985), and increasing predation rate (Hartley and Hunter, 1998).    
In contrast, certain types of disturbance can have positive effects on an ecosystem.  
Disturbance can create open breaks in a contiguous landscape that allows colonization of 
rare plant species (Bien et al., 2009; Warren et al., 2007), small mammals (Baxley and 
Qualls, 2009; Goertz, 1964), nesting birds (Drigot, 2001; Green et al., 2000; Grzybowski 
et al., 1994), and invertebrate species (Smith et al., 2002; Tscharntke et al., 2002).  
Disturbance can be positive for reptiles by creating sites for thermoregulation (Blouin-
Demers and Weatherhead, 2002; Peterson et al., 1993; Reinert and Zappalorti 1988a; 
Scali et al., 2008), creating favorable foraging opportunities (Heard et al., 2004; Madsen 
and Shine, 1996; Smith et al., 2008; Wisler et al., 2008), and reducing the pressure from 
predators (Wisler et al., 2008).      
The type of disturbance will ultimately determine the positive or negative effects 
that disturbance will have on a species.  Small scale anthropogenic disturbance (e.g. 
mowing) or natural disturbance (e.g., forest fires) that does not alter ecosystem function 
can have an overall positive effect by facilitating heterogeneous landscapes which 
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support disturbance-dependent and disturbance-averse species (Fahrig, 2003; McLeod 
and Gates, 1998; Warren et al., 2007).  In contrast, anthropogenic disturbance associated 
with permanent highways, buildings, etc. will often lead to a negative effect on 
ecosystem function by removing or heavily fragmenting habitats (Andrén, 1994; Dodd, 
1987; Saunders et al., 1991), or by limiting genetic exchange between subpopulations 
(Clark et al., 2010). 
I used radio-telemetry to monitor the habitat use and movements of C. horridus 
and P. melanoleucus at WGR in relation to military activities.  Examining movements 
and distribution in relation to military land use will be important for evaluating current 
threats to these two snake species and establishing mitigation and conservation strategies 
at WGR that have a broader application throughout the Pine Barrens.  This information 
establishes baseline data, which is essential for creating a long-term monitoring program 
for evaluating changes in use of habitat or the areas occupied by these snakes over time. 
 
Summary of Major Findings 
The major findings from the previous chapters are summarized as follows: 
1) Chapter 2: Coexistence of rattlesnakes and military operations: occurrence 
and spatial ecology of the timber rattlesnake (Crotalus horridus) on the 
Warren Grove Gunnery Range in the Pinelands of New Jersey. 
Crotalus horridus and military operations coexist on WGR because they occur in 
different areas.  Radio-tracked snakes did not enter the immediate vicinity of the 
target zone.  Incidentally captured and radio-tracked snakes exhibited an affinity 
for wetland habitats as compared to upland habitats.  There were no significant 
differences in home range size, seasonal activity, core activity area, range length, 
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distance traveled per day, or seasonal differences in distance traveled per day 
between three male and three female snakes.  Crotalus horridus utilized 
hardwood swamp habitat the greatest proportion of use as compared to the six 
other habitat types identified at WGR.  I identified 12 hibernacula in undisturbed 
wetland habitats.  I also found C. horridus mating and reproducing.  It appeared 
that military operations were not significantly impacting this snake population.  
These results support the conclusion that WGR was an important refuge for C. 
horridus in the Pinelands.  However, to fully understand the effect of military 
operations on the snakes, it will be necessary to investigate and assess population 
dynamics and mortality factors for the C. horridus population. 
2) CHAPTER 3: Spatial ecology of the northern Pinesnake (Pituophis 
melanoleucus melanoleucus) in the pine barrens of New Jersey. 
There were no significant differences in home range size (  = 60.0 ± 32.7 ha), 
core activity area (  = 10.6 ± 8.2 ha), range length (  = 1294.8 ± 32.7 ha), or 
distance traveled per day (  = 65.2 ± 30.1 ha), between sexes or between 
locations in or outside of the target zone.  Pine snakes tracked in 2005 and 2006 
(N = 13) traveled larger total distance, larger distance per day, and larger home 
ranges compared to snakes in 2003 and 2004 (N = 11).  Snakes in the target zone 
traveled longer distances compared to snakes outside the target zone.  Pinesnakes 
on WGR mated, nested, fed, and hibernated both inside and outside the target 
zone.  Pinesnakes utilize the target zone as well as the other areas on WGR.  The 
WGR is an important place for Pinesnakes in New Jersey because the landscape is 
protected, relatively inaccessible, and free of negative impacts associated with 
93 
 
urban development, agriculture, and high-use paved roadways.   Our data on the 
spatial ecology of Pinesnakes are important as baselines for comparing the effects 
of development on Pinesnake behavior and are important for evaluating current 
threats to Pinesnakes, and can aid in developing mitigation and conservation 
strategies in light of the continued development in Pinesnake habitat. 
3) CHAPTER 4: Hibernacula buffering: a conservation strategy for the 
northern Pinesnake (Pituophis melanoleucus melanoleucus) in the New 
Jersey Pine Barrens. 
Forty nine percent of Pinesnakes reached maximum distance from hibernacula by 
June.  There were no significant differences in maximum distance dispersed ( = 
1394.3 ± 538.4 m) or location of hibernacula within home range ( = 0.88 ± 0.14) 
by year or sex.  Pinesnakes moved up to 2764.1 m away from hibernacula.  
Pinesnakes traveled in all potential directions from hibernacula.  A circular buffer 
around a hibernation site, based on dispersal distances, encompasses 2388 ha of 
land need to protect habitat and resources for the snakes of each hibernaculum.  If 
the overall goal is to protect the Pinesnakes, 100% of required space, a minimum 
of 2388 ha, should be protected around hibernacula to support the current 
population and reduce effects causing declining population due to habitat loss. 
 
Conservation implications 
This spatial data on C. horridus and P. melanoleucus provides valuable information for 
conservation of these species at WGR and throughout the Pine Barrens.  It helps to build 
location data for the New Jersey Department of Environmental Protection (NJDEP) on 
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two state-listed species, it provides an understanding of habitat utilization for C. horridus 
in large wetland complex that has limited access, and it provides information on 
movement patterns that are critical to establishing conservation strategies to protect these 
species.  The use of this information can aid in the timing of construction activities, 
prescribed burning, road maintenance, or logging activities.   
 
Conservation at WGR 
Warren Grove Range is implementing an adaptive management strategy, which 
can serve as a framework to other military instillations and conservation projects in 
anthropogenically disturbed habitats.  Adaptive management incorporates research into 
conservation action (Salafsky et al., 2001).  Warren Grove Range is taking a 
comprehensive management approach to monitor populations of plants, birds, mammals, 
fish, reptiles, and amphibians, as well as the study on the spatial ecology of C. horridus 
and P. melanoleucus.  This information can be used to assess if there are any impacts 
military operations are having on natural biota of WGR.  If any negative impacts are 
determined, mitigation measures can be implemented to reduce negative impacts and help 
protect the species. 
It is important to monitor the effects of military activities (short-term and long-
term) on impacts to these two state-status species. This information can be incorporated 
into mitigation plans and future Integrated Natural Resources Management Plan 
objectives.  Both C. horridus and P. melanoleucus used firebreaks and roadside slash 
piles, metal from targets, and hollow bombs for cover, open fields and roadside edges for 
gestation and nesting, and gravel beds and sand piles for nesting and hibernating.  
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Alteration of these artificial habitats by mowing, removal of gravel, road maintenance, 
and removal of target material should be conducted during winter months when 
herpetofaunal activity is lowest, except for known hibernacula locations which should 
remain unaltered.  Snake surveys should be conducted in known snake locations 
associated with debris or roadside tree slash before maintenance activities are conducted.   
Every effort should be made to maintain upland corridors between wetlands to 
ensure gene flow between populations of C. horridus.  It is also important to maintain 
natural drainage patterns and hydrology of wetlands.  Alteration of natural flow patterns 
can disrupt areas that are critical to the survival of C. horridus.  Any change to the water 
flow pattern would disrupt conditions, which are important for C. horridus over-
wintering.  Reduce man-made encroachments near wetlands in order to maintain 
hydrology, connectivity, and functionality of wetlands. Prevent sediment runoff into 
wetlands.  Sediment buildup can alter wetland flow regimes.  Install silt fencing during 
construction and maintenance projects near wetlands to reduce runoff and sediment 
accumulation in the wetlands drainage bed. 
Maintain prescribed burning regimens to maintain the natural integrity of the Pine 
Barrens ecosystem.  This may also create natural openings in the canopy of the forest for 
snakes to use for thermoregulating, nesting, and gestating.  The fire may also allow for 
re-establishment of early successional species, which can facilitate an increase in 
population of small mammals as prey species for the snakes (Beaupre and Douglas, 
2012). 
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Conservation in the Pine Barrens 
Select cutting and prescribed burning in uplands are important for establishing 
basking, nesting, and gestating areas for both C. horridus and P. melanoleucus.  Many of 
the forests that have not naturally burned are developing a thickened canopy, which limits 
sun exposure and forces the snakes to use roadways or other areas used by off-road 
vehicles.  This puts the snakes at risk for being killed, especially gravid females, which 
are critically to supporting the long-term viability of a population.  Select cutting and 
establishment of plow lines for firebreaks should be done during the snake’s active 
season.  This will limit potential interaction of the snakes with humans because of the 
snake’s dispersal throughout the landscape in the active season (Reinert et al., 2011) and 
would reduce the potential of collapsing or destroying a hibernaculum with multiple 
individual occupying it over the winter season.   
Logging trees, such as Atlantic white cedar (Chamaecyparis thyoides), could have 
a direct impact on C. horridus since they typically hibernate in cedar swamps often at the 
base of Atlantic white cedars.  Cedar swamps with known populations of C. horridus 
should be protected from cutting at least 1000 m from known denning areas.  I found C. 
horridus switching from one hibernaculum to another at distances ranging from 65.8 – 
907 m (313.6 ± 397.2 m) away.  Buffering known hibernation sites would help reduce 
direct impact.  At the very least, only allow select cutting without the direct use of heavy 
equipment driving through potential hibernation areas.   
Consulting companies hired to survey for snakes before potential development 
should be mandated to survey during the peak of activity.  I found peak activity for P. 
melanoleucus to be within a temperature range of 20 - 35°C, 800 – 1200 hrs and 1500 – 
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1800 hrs May through August.  April and October are also important times for surveying 
because of the potential to find P. melanoleucus congregating around hibernation sites.  
Surveys should be conducted at multiple times throughout the year and with the aid of 
drift fence or other acceptably agreed upon survey techniques. 
Ideally, construction projects or roadway development should be limited to areas 
not supporting C. horridus or P. melanoleucus populations.  For the overall goal of 
conservation, land must be protected in order to protect the habitat and resources that 
snakes need.  I found P. melanoleucus to disperse from their hibernacula up to 2764.1 m.  
Within this distance, a subpopulation of snakes from a hibernaculum should have all 
required resources available for the population to persist.  I found snakes egressing 360° 
from their hibernacula.  Taking the longest distance migrated (2764.1 m) as a radius and 
creating a circular buffer around the hibernacula, 2388 ha buffer is required to protect the 
snakes, habitat, and resources.  This value represents the maximum distance I observed P. 
melanoleucus dispersing from its hibernation site, which would include habitat and 
resources necessary for survival any individuals form the subpopulation of a particular 
hibernaculum.  This methodology could be applied for any snake that disperses from a 
repeated use site, such as a hibernaculum.  For instance, C. horridus movements ranged 
from 316.3 - 5156.6 m (  = 1630.9 ± 1512 m), which would require a buffer 8309 ha 
based on the longest dispersal. 
 
Future research directions 
 This work has touched on the overall spatial ecology of P. melanoleucus and the 
spatial ecology and habitat selection of C. horridus, but through my research and field 
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observations, many new questions have arisen.  Some questions are currently being 
investigated and others topics need to be expanded upon.   
 
Current Investigations 
1. What is the population size of P. melanoleucus and C. horridus in New 
Jersey?  Every indication suggests that populations are declining, mainly due 
to habitat loss; however, there is no baseline for an overall population 
estimate. 
2. Does P. melanoleucus exhibit multiple paternity?  On occasion I have 
observed females P. melanoleucus mating with multiple males, but there have 
been no studies looking at the potential for multiple sires for one clutch.    
Multiple paternities are possible for C. horridus (Smith, 2009).   
3. Do roads act as barriers in dispersal for P. melanoleucus?  Studies done on C. 
horridus found that there was very little interbreeding between populations 
that were separated by roads (Clark et al., 2010). 
4. In areas with high snake density and high road mortality, will under road 
culverts serve as a mitigation strategy for C. horridus and P. melanoleucus 
crossing the roadways? 
5. What is the spatial ecology of neonate and juvenile P. melanoleucus and C. 
horridus?  What is the habitat and microhabitat preference for neonate P. 
melanoleucus and C. horridus?  Very few studies have been conducted on 
spatial ecology for most neonate and juvenile snakes.  Reinert and Zappalorti 
(1988b) found that neonate C. horridus scent trail their mother to hibernation.  
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This is unlikely for P. melanoleucus because females nest at the end of June to 
early July and the eggs do not hatch until September.  Studies need to 
investigate movements of female P. melanoleucus to and from nesting sites 
followed by tracking neonates to determine if there is a pattern in dispersal 
from the nest or if it is random.  The neonates/juveniles should be tracked 
multiple years to determine long term movement patters and habitat 
preferences.   
6. What is the habitat and microhabitat preference for P. melanoleucus?  Is there 
a seasonal component to habitat or microhabitat choice?   
7. Is there a shelter site selection preference for P. melanoleucus and C. 
horridus?  Does site selection shift throughout the active season based on 
temperature?  Is artificial cover used to the same degree as natural cover?  Is 
there a cover preference difference for physiological needs (i.e. ecdysis, 
digestion) compared to just shelter for low visibility to predators.   
8. Do translocated P. melanoleucus behave, move, forage, nest and survive 
overwintering to the same degree as resident snakes?  A study on translocated 
C. horridus found high overwintering mortality and larger than normal 
activity patterns (Reinert and Rupert, 1999).   
 
Future Investigation 
1. If hibernacula are altered or destroyed, will snakes find a suitable alternative 
to survive overwintering?  A study should be conducted to determine the 
effects of range activities (mechanical disturbance, ordinance detonation, 
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ordinance cleanup) on existing pine snake hibernacula in the impact zone and 
the response of snakes to hibernacula disturbance.    
2. Will establishing artificial hibernacula at WGR serve as a viable alternative to 
hibernacula that are altered or destroyed? 
3. Does cedar logging or cranberry bog restoration alter the hydrology of 
wetland corridor?  What impact does this have the hibernation strategy of C. 
horridus?   
4. Does select cutting support a forest that facilities the survival of snakes?  
Select cutting may increase prey availability (Beaupre and Douglas, 2012), 
but does it actually increase the opportunities for thermoregulation?  After 
select cutting, canopy openings may increase early successional species, 
resulting in thick ground and shrub cover preventing the openings needed for 
nesting and gestating.  In select cut areas, prescribing burning may still need 
to be incorporated to maintain the heterogeneity of the forest.   
5. What impact can prescribe burning or wildfires have on snakes?  Does a 
snakes spatial use patterns or habitat preference change after fire?  I observed 
two P. melanoleucus that were killed by a wildfire in 2007; what is the 
potential impact of fire to a local snake population (Beaupre and Douglas, 
2012)? 
6. Little is known on the biophysical ecology of P. melanoleucus and C. 
horridus in the Pine Barrens.  How does temperature affect the timing of 
ingress and egress?  How would climate change affect the timing of ingress 
and egress from hibernacula and the over-wintering metabolism of the snakes?  
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How does temperature change effect gestation periods, time of nesting, time 
of hatching, or sex ratios for neonates?  Is there a thermoregulatory basis for 
the lack of C. horridus in the pygmy forest at WGR? 
7. What is the preferred prey type of P. melanoleucus?  Does this shift 
throughout the active season and does prey preference shift with changing 
prey density?  Studies on C. horridus suggest behavioral plasticity in foraging 
based on available prey in geographically separated regions (Reinert et al., 
2011).   
8. Does tracking intensity affect the spatial ecology results of C. horridus and P. 
melanoleucus?  Long time intervals between relocations would miss 
movements and would underestimate the actual distances snakes move, but 
what time interval accurately reflects the movement patterns in snakes without 
artificially inflating movements because of constant disturbance by the 
observer?    
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